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ABSTRACT 
Shropshire and Hampshire rams observed at the Missouri Station showed 
breed differences in spermatogenic activity with regard to season. This was on the 
intrease or at a high level from October to January in the Shropshires, and from 
August to January in the Hampshires. A distinct decrease was noted June to 
September in the Shropshires and iri July (only) with the Hampshires. 
During the hot season all rams showed increased numbers of abnormal sperm. 
Individual and breed differences were apparent, and when the same rams were 
submitted to high environmental temperatures in winter the same differences 
showed up, thus pointing to the direct influence of high temperatures and to indi-
vidual and breed differences in ability to withstand such conditions. 
Pronounced mating desire is not necessarily co·-existent with high sperm pro-
duction; these qualities appear fairly independent of each other and any degree 
of the one is to be found with the other. 
Semen from rams may be 0.6 to 1.5 cc (rarely above 1.0 cc) in volume, may 
have 2 to 4 billion soerm per ejaculate, and p1ay have 3 to 5 million sperm per 
mm3. After the third or fourth copulation · on any one day there would be a 
marked drop, this would vary with individuals and with the breed, thus some rami 
produced 0.6 cc semen with one billion sperm, around 2 million sperm per 
mm 3 on the 19th copulation (same day), while other rams produced 0.1 cc ejacu-
late containing only 60 million sperm, on the fifth copulation, and in some instances 
would refuse even to mate. Exhaustion of sperm was difficult to attain with some 
individuals, with others it was readily reached. Time necessary to recover varied 
from a few minutes up to 2 hours or longer. 
Semen from rams with high sperm concentration was acid, pH 6.0-6. 8; when 
the sperm concentration dropped, or when the proportion of abnormal sperm was 
high the pH shifted to the alkaline side, even up to pH 8.0. 
In estimating the reproductive capacity of a ram it is important to consider: 
the breed or strain, the season of the year, the number of matings just prior to 
sampling, sperm concentration, and total number of normal sperm. 
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Agriculture, Cooperating. 
INTRODUCTION 
To a livestock breeder the value of a sire lies in his efficiency 
in producing offspring; the more numerous and the better the 
quality of the offspring, the greater the economic value of the sire. 
The breeding capacity of this sire depends upon his ability to 
produce semen of high quality. Research in recent years has shown 
a close correlation between ~perm quality and number, and off-
spring vitality and number. In earlier years the breeder was forced 
to judge the fertility of the ~ire only on the basis of production of 
offspring, which required at least one breeding season. It is now 
possible to predict with a moderate degree of accuracy the level of 
fertility of a sire by a study of his semen. 
Although it i~ recognized that some sires will produce more 
and better semen than others, little is known of the changes in 
potential fertility which might occur in an animal during the 
course of a year, not as the result of some extraordinary environ-
mental influence but as a natural fluctuation in breeding behavior 
and sperm production. This knowledge is of considerable impor-
tance in the introduction of new breeding methods for farm animals. 
If female farm animals that are normally seasonal breeders are to be 
brought into heat at other times of the year, it is necessary to know 
what condition with respect to breeding capacity exists in the male 
partner at the new season. To employ artificial insemination meth-
ods in breeding several animals from the semen of one sire, it is 
necessary to know how many animals can be fertilized with a par-
ticular lot of semen. The question often arises, to what extent can 
a male be used without damage to him and without lowering the 
fertilizing capacity of his sperm. Seasonal variation enters too, in 
so far as it influences sperm production through the amount of 
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semen per service, the quality of semen, and the correlation between 
the use of the male and fertilizing quality of his semen at different 
times of the year. 
The problems which this project has attempted to solve are: 
(1) Is there a seasonal variation in the breeding capacity of rams? 
(2) If so, how is it correlated with sperm production in the ram? 
(3) What is the breeding behavior of individual rams throughout 
the whole year? (4) What effect has sexual excess on sperma-
togenesis? ( 5) What may cause seasonal and individual variation 
in libido and spermatogenesis? (6) How may spermatogenetic 
activity in the ram be controlled? (7) If seasonal variations should 
be apparent in the morphological changes of the spermatozoa, will 
abnormality counts of semen give an adequate measure of the 
fertility of rams in all seasons? 
MATERIALS AND METHODS USED 
Twenty purebred rams were used for this work on fertility 
(Figures 1 and 2 and Table 1). Nine of them were Shropshires, 
nearly two years old in January 1935. The remaining eleven rams 
were Hampshires, which were about one year old, except rams 
31, 32, and 33. These three were seven months old and rather 
retarded in development due to certain experimental conditions 
under which their mothers had been kept. All the other rams were 
well developed and good healthy individuals. Some supplementary 
observations were made on a few other rams in the University of 
Missouri flocks. These are described in other sections. Not all 
these rams were used in each series of experiments. 
The specific experiment designed to evaluate the seasonal vari-
ation of the breeding capacity of the rams lasted from January 1935 
until March 1936. Trials from November 1933 to January 1'935 
were used as preliminary tests of a more general nature. After 
February 1936 the rams were divided into two groups; one group 
was used as a control and the other in experiments designed to in-
fluence spermatogenesis. These experiments lasted until the fall 
of 1936. 
The procedure for testing the rams consisted in allowing each 
ram to serve a ewe for a limited time. Ewes that were not in heat 
(or estrus) were used to avoid possible harmful admixture of vag-
inal secretions. The ewe was put into a breeding box like that 
described by Russian workers (1932) and secured to minimize 
struggling and fighting against the ram (Figs. 3, 4, and 5). 
TABLE !.-DEsCRIPTION oF ExPERIMENTAL RAMS. 
Grain fed during 
Age Weights 
1936 Jan. '35 1935 Lot 1934/35 I935j36 Ram Source (yrs.) Jan. Feb. Mar. Apr. May Jun. Jul. Dec. Jan. Feb. Mar. 
----- ----- -- -- -- -- -- -- -- -- -- --
f. ____ 2lbs. 
Shopshires 
121 134 I~ lbs. 0 U. of Mo. 2 157 162 171 155 162 149 151 130 128 ~ grain grai~ 1 U. of Mo. 2 I 55 159 166 155 157 141 154 126 123 124 118 l!l 2 U. of Mo. 2 181 187 196 180 187 170 176 141 141 150 170 C/) 5 U. of Mo. 2 184 186 192 181 187 171 176 137 132 134 144 l!l 12 U. of Mo. 2 155 161 166 154 165 149 154 134 133 139 150 > [!._ ___ ~lb. 1~ ibs. 7 G. Rude 2 159 166 184 166 181 163 169 160 161 168 185 I'd (') grain grain 9 G. Rude 2 165 169 182 165 173 160 165 151 163 178 177 
= 10 U. of Mo. 2 135 139 143 133 137 125 131 115 115 112 133 11 U. of Mo. 2 161 165 178 160 163 154 158 148 152 159 164 ~ 
Hampshir~s c:: 
173 t" IIL ___ 1.)4lbs. 1Yz lbs. 48 A. B. Lab. 1 146 151 166 I58 170 168 166 153 152 153 t" grain grain 49 A. B. Lab. 1 138 146 173 171 18I 174 178 151 151 165 190 l!l 60 U. of Mo. 1 147 156 170 165 162 155 162 134 123 137 136 o-i 61 U. o!Mo. 1 131 137 1H 135 145 137 142 127 121 132 died z 55 U. of Mo. 1 136 140 147 136 138 130 133 135 133 135 146 85 U. of Mo. 1 134 135 145 142 145 140 140 131 131 132 150 N 747 U. of Mo. I 136 135 149 139 141 I37 138 132 125 132 134 0\ 749 U. of Mo. 1 128 132 140 140 140 141 140 133 127 128 145 ln. 
33 A. B. Lab. 
(mo.) 
7 90 102 118 118 127 121 125 115 108 123 145 31 A. B. Lab. 7 81 113 130 132 127 120 122 102 iii4 iii iii 32 A. B. Lab. 7 68 75 85 91 90 84 96 100 
'I 
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The rams were arbitrarily divided into four groups of five 
each. Each week one group was tested; an individual ram would 
repeat the test at four-week intervals. During the test period one 
ram at a time was led to the breeding platform where the ewe was 
tied in the breeding box. He was left there for ten minutes and was 
allowed to serve the ewe as often as he would during this period 
After each service the ejaculate was collected from the vagina of 
the ewe by means of a glass pipette and rubber bulb. By this method 
the whol e ejaculate could be collected without leaving significant 
amounts in the vagina. The pipette was emptied into a small glass 
vial which was corked and stored in an ice-cooled vacuum bottle 
for later observation. 
The measurement of semen volumes as collected from the 
vaginas of e\ves is not ideal, but seems to be justified in these ex-
periments. Gunn's (1936) assumption that the ejaculate collected 
from the vagina contained uterine and vaginal fluid seemed invalid 
here. 
The vagina of a diestrual ewe did not contain enough fluid to be 
collected with the type of pipette used here to recover the semen. 
If no ejaculation had taken place, it was often difficult to intro-
duce the pipette into the vagina O\ving to the dryness of the walls. 
Occasionally heavy mucus, so sticky that it remained on the walls 
of the pipette wh en the contents were emptied from it, got into the 
pipette. Therefore, it was not included when the volume was 
measured. The chances were far greater that the volumes obtained 
were less than those really ejaculated by the rams than that they 
were larger, and too, some semen was carried from the vagina by the 
penis when the ram dismounted. The probability that the entire 
semen was not collected has to be admitted, even though great 
care \Vas taken to collect everything as completely as possible. A 
small portion was also lost on the walls of the pipette. However, 
some losses would have occurred had an artificial vagina: heen used. 
If ewes in heat had been used, the contamination of the ejaculate 
with the profuse mucous secretion of the vagina would have been 
a very disturbing factor for th~ determination of volume of semen 
and concentration of spermatozoa and also would have changed 
the pH of the ejaculate in varying degrees, for, according to 
Kardymowich and co-workers (1934), the pH of the vaginal 
secretion changes with the stage of the estrual cycle from 5.0 to 
8.0. All rams became accustomed very quickly to serving any ewe 
that \vas held for them and were not frightened by her struggling 
(which took place now and then). 
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Fig. 1.-Nine Shrop-
shire rams used in the 
experiments. 
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Fig. 2,-Nine Hamp-
shire rams used in the 
experiments. 
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Fig. 3.-The breeding platform and box for hold-
ing the ewe. 
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Fig. 4.-A ewe in the breeding box. 
Fig. 5.-The ram and ewe on the breeding platform. 
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One drop ot semen from each ejaculate was put on a glass slide 
and spread out evenly for microscopic examination of the sperm 
morphology. Great care was taken in preparing the sperm smears 
to spread the semen evenly and in a thin layer, so that proper counts 
of, and observations on, individual spermatozoa could be made. 
Some slides were made by drawing the semen drop out with the 
edge of another slide but the semen was often not spread in a 
sufficiently thin layer, or if too much pressure had been applied, the 
spermatozoa were damaged, for the tails break off very easily. The 
best slides were obtained by putting the flat surface of another slide 
over the slide carrying a fairly large drop of semen and carefully 
moving its whole surface over the slide without extra pressure. 
Drying over a flame was not necessary. The slides were air dried, 
and the spermatozoa adhered very w ell, and the heads were not 
burst as they may have been by heating. After drying, the slides 
were put for five minutes into a ten per cent solution of chlorazene, 
washed in distilled water, fixed for one minute in a ten per cent 
solution of formalin, washed again in distilled water, and finally 
stained in Ziehl's carbol-fuchsin, then washed for ten minutes in 
running tap water and dried. No coverslip was used. This fixing 
and staining method proved to be the most satisfactory of all, as it 
was less complicated than the haematoxylin method and gave good 
clear pictures of the sperm structures. It differentiated the sperm 
head sufficiently without countersta·ining with methylene blue as 
advocated by Williams (1920) who used the Ziehl-Neelsen method. 
Bouin's fixative was tried, but it was found less satisfactory than 
formalin alone. Alcohol fixation took more time and was no better 
than this method. 
For counting and classification of abnormal sperm forms a 
magnification of 1000 x (oil immersion) was always used. In 
routine work 333 spermatozoa were counted and classified, accord-
ing to their shape, into the various t ypes, as will be seen in the 
record sheets in the appendix: 
An accurate record on the behavior of each ram during the 
test period was kept in the following manner. As soon as the ram 
was admitted to the breeding platform, a record was made if he 
attempted to mount the ewe and the number of times he did so. 
The time elapsed between the beginning of each test period and 
actual service was also r ecorded; in order to simplify this for later 
evaluation of these data, each ten minute period was divided into 
two halves of five minutes each, and the breeding records for each 
five minutes were treated separately. 
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After the first ram had been on the platform for ten minutes, he 
was taken away; a new ewe was put into the breeding box and the 
next ram let out to her for ten minutes, and so on, until all five 
rams had a chance to mate for ten minutes. Then the whole pro-
cedure was repeated two more times. Since the exchanging of the 
rams and ewes took one to two minutes, each of the rams had three 
ten-minute periods with approximately fifty-minute intervals be-
tween each period. 
In the following discussion designations of this kind will be 
used: the first ten-minute period of a test is called period one and 
divided into first and second halves a and b; the second ten-minute 
period on the same day is period two, with divisions a a·nd b; and 
the third is period three, a and b. This division of the period ap-
peared necessary in the study of the level of sex desire and potency. 
An attempt was made to discover (1) if rams were more active at 
the beginning of each test period, (2) if they eja culated varying 
amounts of semen of varying quality at different times of the period, 
(3) if these might be seasonal, nutritional, and individual factors for 
these phenomena. 
In order to avoid a sexual rest period of four weeks which in 
itself might have had a detrimental effect on the spermatozoa pro-
duced by the rams, those rams that were not on test on that par-
ticular day were allowed to serve ewes that were tied in stanchions 
somewhat similar to the main breeding box. In this latter process 
the ejaculates were not collected. The rams were let to the ewes 
for ten minutes, and the number of attempts to mount the ewe and 
the number of actual copulations were recorded for each ram. These 
records were used to collect data on a possible fluctuation of the 
mating desire of rams from month to month. 
The semen of each ejaculate, collected during the tests, was 
examined for its concentration of spermatozoa. For this determina-
tion a hemocytometer of the usual construction was used; the num-
ber of all spermatozoa, without regard to their morphological ap-
pearance, in one cubic millimeter of the whole ejaculate was esti-
mated. The amount of each ejaculate was measured by drawing 
it into a 1 cc pipette with divisions of 0.1 cc. By multiplication of 
the volume and the concentration of spermatozoa, the actual number 
of spermatozoa ejaculated in each service was calculated. The 
number of spermatozoa ejaculated by .each ram during one test was 
used as a standard measure of his breeding efficiency at a particular 
season of the year. 
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From January 1936 until the end of the experiments, pH deter-
minations of the ejaculate were made, using the quinhydrone 
method. 
The rams were kept in a shed open to the south with adjoining 
pens from the fall of 1934, except when they were on pasture from 
June to the end of November 1935. The grain portion of the ration 
is indicated in Table 1. When they were not on pasture they were 
fed alfalfa or clover hay at the average rate of two pounds per head 
daily. However, the hay was provided in one rack and was avail-
able to all rams so that those on less grain probably ate more hay 
than those receiving more grain. There were no marked differences 
in the weight of those fed different amounts of grain, but all were 
kept in a thrifty condition. In 1935 the rams were shorn of their 
fleeces the last week of April; in 1936 they were shorn in the early 
part of May. 
Inasmuch as semen collections were made weekly, but on any 
individual ram were made regularly only at twenty-eight-day inter-
vals instead of monthly interva·ls, it is necessary to indicate here 
exactly what is meant by the "test" referred to throughout the text. 
The duration of the experiment beginning January 17, 1935, has 
been divided into fifteen periods, twenty-eight days each with the 
exception of the first period, which included only fifteen days: 
January Test=January 17 to January 31, 1935 
February Test=February 7 to February 28 
March Test=March 7 to March 28 
April Test=April 4 to April 26 
May Test=May 2 to May 23 
June Test=May 30 to June 20 
July Test=June 27 to July 18 
August Test=July 25 to August 15 
August-September Test=August 22 to September 12 
September-October Test=September 19 to October 10 
October Test=October 17 to November 7 
November Test=November 14 to December 5 
December Test=December 12 to January 2 
January '36 Test=January 9 to January 30, 1936 
February '36 Test=February 6 to February 27, 1936. 
August-September and September-October each had two ob-
servation periods in each calendar month and have been listed under 
double names. Thus each "test" designated above included for each 
ram three separate observation periods for libido only and one 
sperm collection period. 
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PART I. SEASONAL VARIATIONS IN BREEDING 
CAPACITY OF RAMS 
The tremendous amount of literature on the breeding season of 
farm animals deals chiefly with the female side; there are now 
numerous observations available on all details of the physiological 
processes of reproduction in the females of most species and many 
breeds. The male has scarcely been considered. Although in re-
cent years much work has been done in Russia on the physiology 
of spermatozoa of farm animals, including methods for their col-
lection and preservation, workers there have not reported many 
observations on changes in spermatogenesis as a result of seasonal 
factors . Only two reports are available of investigations of a sea-
sonal cycle in spermatogenesis in rams. Radulescu (1933) attempted 
to find if such a seasonal variation occurred in the breeding activity 
of rams of a native Roumanian breed. He studied the testes of 
rams taken during all months of the year and found that sperm in 
all stages of development were present in all testes observed, and 
consequently concluded that spermatogenesis went on contin-
uously. Roux and Hoffman (1935) have verified experimentally 
the observation that rams do not become impotent during any 
particular time of the year in South Africa. Marshall (1922) be-
lieved that continuity of the breeding ability without seasonal vari-
ation in some domestic animals was the result of changed or 
eliminated environmental factors through domestication, since the 
primitive, semi-wild species still have a marked rutting season in 
the male as well as the female. These species develop special sec-
ondary sex characters a nd show a period of intense excitement 
during rut. 
Seasonal variations in breeding capacity of rams might be 
expressed by changes in mating desire, sperm production includ-
ing sperm concentration in semen and volume of semen, or sperm 
morphology. 
Mating Desire 
Because the male farm animals do not possess secondary sex 
characters that show changes that can be associated with seasonal 
variations in testicular activity, the only way to find if they have 
a rutting season like the wild animals is to investigate either their 
breeding behavior or their breeding ability. Their breeding behavior 
is similar to that of sexually excited males of the wild forms. This 
may be attributed to one of the following: (1) sexual excitement is 
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caused by a hormonal product of the highly active testes, or (2) 
neuropsychic stimulation of the male through the presence of the 
estrual female makes him excited at the breeding season though 
spermatogenetic activity may be continuous. 
Apparently little experimental evidence is available on the 
problem of breeding behavior in farm animals. Some observations 
indicate that mating desire is a very unreliable proof of sperma-
togenic activity. 
Za wadowsky (193i3), who found that cryptorchid rams used as 
teasers were just as active as normal rams, has shown that m<l!ting 
desire in rams is not dependent on spermatogenesis. Hammond 
(1925) also observed that cryptorchids had sexual desire a·nd power 
of service, although they were sterile. Roux and Hoffman (1935) 
stated that exceptional vigor at serving is not necessarily a symptom 
of high fertility, and spermatozoa may be totally absent in a: vig-
orous ram. 
Alifanow (19 i34), on the other hand, claims that a correlation 
exists in clogs between their sexual desire and sperm production. 
According to his experiment, thirty dogs under observation formed 
three groups, depending upon their behavior when placed with a 
fema·le: (1) those which attempted mating immediately; (2) those 
which did so only after several hours' interval; and (3) those which 
completely ignored the female. Analysis of sperm revealed a cor-
relation between its quality and the animal's behavior; animals of 
the first group yielded ~2.5 cc of semen of an average concentra•tion 
of 18fl million spermatozoa per 1 cc; those of the second group 
were lower; and those in the third group produced only 1.5 cc and 
14 million sperm per cc. No corrclfu.tion could be established with 
breed or age. 
The work in Russia, conducted in connection with experiments 
on artificial insemination, confirms the observation that mating 
desire is not directly proportional to fertilizing capacity. Milowanow 
(1934) observed that in male farm animals specific sexual reflexes, 
stimulated by the presence of an estrual female, played a small role· 
if any. Males were willing to mount dun{mies used for the collection 
of semen and to complete copulation; stallions often mounted a 
cow dummy; boars, a sheep dummy. On the other hand, commer-
cial breeders knew, and Milowanow and Lagerlof (1935) reported, 
that often bulls and stallions refused to breed females in heat in 
unfamilar surroundings, or females of some specific color. Milo-
wanow also reported experiments by Nagaiew which showed that 
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the training of the male might interfere with his normal mating 
desire and even inhibit it. He called this conditioned-reflex block. 
For several days a ram was led to a ewe in estrus separated from 
him by a gate so that he could not reach her; a·fter a while he did 
not attempt to reach the ewe, even when the gate was removed. 
This might explain the behavior of most males during the anestrual 
season; after they have learned that females not in heat will not 
let them mount, they make no more attempts to mate. Moreover, 
males would get sexually excited as soon as they were led toward 
the place where they were accustomed to serve females . This 
occurred even if no female was present. These observations have 
been confirmed by our own experiences with our experimental 
rams. 
That mating desire is not linked to spermatogenesis, is also 
shown by Stone (1932) who reported that young apes engaged in 
sexual practices before the age of puberty. He also reported that in 
rabbits and rats castration was not followd immediately by loss of 
mating desire. Failures of intromission were the first evidence of 
the deleterious effect of castration; mounting and pelvic move-
ments were executed for approximately five months after the last 
intromission. In man sexual desires have occasionally remained 
unchanged after castration, and de Quervain (1929) stated that the 
final effect was generally correlated with the intensity of the libido 
before castration. The intensity of sexual drive in laboratory ani-
mals has been measured by several methods described by Stone. 
He was able to show that rats ordinarily exhibit a wide range 
of variation in the age of first copulation and that qifferent animals 
of the same species vary greatly in sexual activity. His methods 
of measuring activity are rather complicated and hardly adaptable 
to larger animals. Direct enumeration of copulatory frequency, 
or other sexual responses, in a time-limited observation period has 
been used as a measure of mating desire in larger animals in accord 
with Stone's assumption that copulation is sexual activity• and that 
the frequency of copulation is a valid indicator of sexual drive. 
The data on the measurement of mating desire in rams are 
shown in Table 2 and Graph 1. These values represent the sum 
of the number of attempts to serve a ewe and the sum of the 
number of copulations completed during the first ten minutes of 
the monthly test period plus those during the three ten minute 
periods (one ten-minute period each week) when only mating 
desire was observed and no semen collections made. Obviously 
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Graph 1.-Seasonal variation in mating desire. The white 
areas represent the number of completed copulations in four 
10-minute test periods (one each week). The black areas rep-
resent the number of incompleted attempts at copulation. 
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TABLE 2.-SEASONAL VARIATIONS IN MATING DESIRE1 
February March April May June July August Aug.-Sept. Sept.-Oct. October November December J anuary'36 
---
---
Number Number Number Number Number Number Number Number Number Number Number Number Number 
- --
---
Ram A. c. T. A. c. T. A. c. T. A. c. T. A. c. T. A. c. T. A. c. T. A. c. T. A. c. T. A, c. T. A. c. T. A. c. T. A. c. T. 
-------
-------- ----- ---
-----
Shropshires: o ____ 14 I 15 11 1 12 12 I 13 5 3 8 17 6 23 21 7 28 11 9 20 20 9 29 9 13 21 2 8 10 20 8 28 11 8 19 12 6 18 ]_ __ _ 19 1 20 32 
-1 32 30 7 37 15 5 20 30 6 36 20 9 29 26 9 35 28 10 38 38 12 50 14 9 23 32 7 39 44 5 49 20 5 25 2 ____ 8 
-4 18 30 31 30 5 35 22 7 29 29 8 37 37 10 47 35 10 45 21 10 3l 34 10 44 34 9 43 39 8 47 20 11 31 47 6 
53 
s_ _ -- 51 55 24 6 30 62 5 67 19 7 26 32 5 37 41 6 47 28 7 35 23 6 29 5 5 31 2 33 35 11 46 5 11 16 22 9 3l 12 ____ 27 3 30 35 6 41 13 6 19 13 10 23 20 8 28 28 8 36 28 12 40 45 13 58 37 13 50 30 12 42 51 7 58 28 7 35 14 3 17 7 ____ 25 8 33 57 10 67 21 7 28 10 7 17 13 8 21 23 10 33 7 4 II 6 9 15 14 15 29 5 9 14 24 7 31 24 8 32 3 8 11 9 ____ 28 3 31 27 4 31 19 4 23 13 6 19 10 4 14 6 7 13 20 7 27 12 6 18 12 7 19 9 5 14 10 9 19 6 8 14 9 6 15 10 ____ 43 5 48 61 10 71 23 8 31 14 10 24 13 12 25 20 11 31 14 13 27 15 14 29 38 13 51 34 9 43 23 12 35 34 10 44 15 11 26 
11_- - - 43 5 48 27 4 31 30 5 35 16 7 23 28 7 35 9 9 18 17 9 26 10 10 20 23 13 36 6 7 13 18 8 26 21 7 28 8 7 15 
------------- --
- --- - --- - -
----
---------
--
Av. ___ 30 3 33 33 4 37 27 5 32 14 7 21 21 7 28 23 8 3l 20 10 30 20 10 30 22 11 33 18 8 26 28 9 37 21 8 29 17 7 24 
Hampshires; 48 ____ 29 7 36 17 4 21 14 5 19 7 7 14 17 7 24 16 13 29 21 7 28 20 11 ll 12 15 27 5 12 17 29 10 39 11 6 17 21 4 25 
49 __ -- 34 8 42 32 5 37 30 7 37 29 6 35 
-5 8 8 7 9 16 4 7 11 16 12 28 28 14 42 6 14 20 17 11 28 30 7 37 16 7 23 55_--- 44 2 46 8 
-8 8 31 -;; 31 8 3 11 2 7 33 3 36 55 2 57 29 6 35 51 6 57 52 2 44 52 2 54 43 5 48 29 3 32 60_--- 62 6 68 49" 57 55 62 19 8 27 16 8 24 17 13 30 13 11 24 21 13 34 29 20 49 14 16 30 51 12 63 12 18 30 23 13 36 
61.--- 8 
-3 8 6 -i 6 52 -6 58 2 -4 2 16 -5 ii 1
2 
-9 12 24 4 28 43 5 48 65 9 74 38 5 43 41 3 44 33 5 38 38 2 40 85 ____ 63 66 36 38 13 17 43 52 6 13 19 13 11 24 17 18 35 10 17 27 30 8 38 34 5 39 23 7 30 
747 ____ 38 iii 38 lJ 4 17 28
 5 33 29 5 34 20 9 29 18 7 25 6 10 16 47 15 62 37 7 44 17 8 25 40 9 49 22 10 32 28 5 33 
749 ____ 32 42 33 7 40 38 8 46 29 7 36 12 9 21 9 7 16 9 10 19 25 11 36 23 11 34 21 8 29 44 7 51 24 7 31 13 5 18 
33__-- 6 
--
6 33 3 36 32 7 39 24 6 30 29 9 38 25 II 36 11 13 24 5 13 18 34 17 5' 19 14 33 46 6 52 12 6 18 3 -- 3 
3L ___ 5 5 20 2 22 48 6 54 52 5 57 62 9 71 29 13 42 19 7 26 5 10 15 24 10 34 32 ____ 9 -~ 10 19 6 25 20 1 21 19 5 24 13 3 16 3 5 8 8 6 14 11 7 18 6 8 14 9 10 19 11 6 17 5 -7 12 -j -7 iii 
----------------
- -- - -
- - - ---- - -
---- -
Av. ___ 30 3 33 24 4 28 31 5 36 21 5 26 17 7 24 19 8 27 16 8 24 21 10 31 29 12 41 19 11 30 36 7 43 23 8 31 22 6 28 
lThis was measured by (1) the number of attempts, (2) copulations completed; and (3) the sum of these two values. 
A =Attempts; C =Copulations; T =Total. 
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there is no season during the year when the rams show no mating 
desire as the ewes do during the anestrual period. However, if 
the sum of the number of (1) attempts to copul<~.te and (2) com-
pleted services in any test period indicates libido, a low period 
would occur during May for the Shropshire rams. Nine of eleven 
Hampshire rams showed least desire to mate between May and 
July. If measured by the number of actual services only, libido 
reaches the low level in both breeds during February and March. 
The average number of attempts for these months was the same as, 
or higher than, for the months with the highest numbers of actual 
services, which for both breeds were the periods between Septem· 
ber and December. These observations suggest that breeding de-
sire does not change markedly throughout the year but that during 
February, March, and April the rams apparently did not complete 
copulations as readily as at other times. During this period erection 
of the penis seemed lacking or imperfect resulting in failure of 
intromission. At the same time most of these rams continued to 
mount the ewes in attempts to serve them. Thus with failure of 
gratification the number of attempts to copulate increased. This 
should not be interpreted as increased mating desire. In fact, the 
number of completed copulations suggests that a period of increased 
mating ability as well as a mating desire occurred from September 
to December. 
The behavior of Shropshire ram 5 suggests that mating desire 
may be much greater than breeding capacity. This ram had very 
small atrophic testicles and was practically sterile, and only 
occasionally were spermatozoa found in his ejaculate, yet his mat-
ing desire was above the average, if judged by the number of at-
tempts and copulations. Hampshire ra:ms 55 and 85 also showed 
very marked mating desire but very low spermatogenetic activity. 
The reverse was the case with Hampshire ram 61; he did not com-
plete a copulation and mounted the ewes only a few times until 
July. Yet a small piece of testis tissue removed at this time appeared 
histologically normal and showed spermatogenesis (Fig. 6). After 
this operation this ram behaved normally toward ewes and served 
them. This phenomenon possibly should be compared to the ob-
servations of Lebedinsky (1933) and Zawadowsky (1933) who 
found that in senile animals and in those that did not show sex 
desire, libido could be brought back by tearing part of the testis 
tissue with an inserted surgical needle. 
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Fig. 6.-Section of testis from Hampshire ram 61, 
taken on 7/3/35. Cell$ in all stages of spermatogenesis 
are present, even though the ram showed no mating 
desire. 120 x. 
Sperm Production 
Since the mating desire of rams cannot be considered as a 
completely adequate measure of seasonal variation in breeding 
capacity, studies have been made on sperm pr:oduction, based on 
the volume and concentration of semen ejaculated by rams during 
the series of test periods at four-week intervals for fifteen periods. 
For the purpose of analysis, it was assumed that the total number 
of spermatozoa in all the semen from one test period was represent-
a~ive of the degree of spermatogenic activity of the ram. In order 
to obtain this value, the concentration of spermatozoa, the actual 
number contained in one cubic millimeter, was multiplied by the 
volume of the ejaculate• giving the number of spermatozoa per 
ejaculate; the sum of these numbers gave the index for the degree 
of !lpermatogenetic activity of each ram during a particular time. 
From the sums of these numbers for eight Shropshire rams and for 
eight Hampshire rams, a spermatogenetic breed index for each 
month of the year for each breed was obtained. In Table 3 and 
Graph 2 the data are summarized. Three facts are outstanding: 
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Graph 2:-Seasonal variations in number of sperm and number of 
ejaculates per ram. The columns represent the number of sperm for each 
test (as total of thirty minutes once each 28-day period), white areas the 
number of abnormal sperni, the black areas the number of normal sperm, 
and the curve the number of ejaculates. 
(1) a low level of spermatogenetic activity in the Shropshires dur-
ing August and September, (2) a sudden increase in October that 
persisted until early in December, and (3) the absence of any such 
marked drop during the summer in the Hampshires. The steady 
rise in the activity of the Hampshire during the first five periods was 
probably due to age, for they were not fully grown at the beginning 
of the experiment. (The Shropshires were a year older than the 
Hampshires). 
TABLE 3.-SEASONAL VARIATIONS IN ToTAL NuMBERs oF SPERMATOZOA AND IN ToTAL NuMBERs OF NoRMAL SPERMATOZOA (IN BILLIONs). 
\ 
Aug. Sept. Jan. Feb. 
Ram Jan. Feb. March April May June July Aug. Sept. Oct. Oct. Nov. Dec. '36 '36 Total 
-
Shropshirea: 
4.2 0 0 0 2.4 4 . 6 2. 7 . 3 .I 12 . 8 7.3 6.9 3.0 6.8 3.7 55.2 o ____ ---- ---------
!_ ___ _ _ - - ---- - ---- 3 . 3 7. 8 3 .0 . 11.2 5 . 5 9. 7 8:9 1.8 1.8 11.8 12 . 9 " 15 . 7 11 . 8 11.8 6 .9 124.3 
2 _____ - ------ - ---- 2.0 0 0 .0 1.6 4.7 4.9 .9 .9 8.5 1.7 7. 5 8 . 2 4 .9 2 . 7 48 .8 
12 ______ __ - - - ------ 2.1 2 . 2 6.5 6.9 4.1 8.7 5. 3 .I 3.6 4 .6 5.8 8 . 1 7. 3 6. 7 5. 7 78.0 
7 _____ ----- -- --- - - 2. 1 . 5 1.3 1.8 2.8 2.4 3.2 2.3 1.4 1.5 1.4 . 2 .9 .9 3 . 3 26 . 4 
9_c ___ -- ----- - --- - 3 . 5 0 0 0 .9 2.1 2 . 2 1.5 .I 2 . 8 .9 3. 3 2 .9 2. 5 2.3 25 . 3 
10 _____ ---- - ------- 5 .9 14. 8 5.3 11.7 6 .9 11.4 9 . 2 6 . 5 4.7 15.5 27 . 4 23.9 ll.5 14.3 9.2 178 . 5 
ll ______ -- - -------- 4 .6 9.0 2.6 4 . 8 5 . I 1.8 1.7 I. I 1.5 9. 7 4 .6 6 .4 14.9 2.9 5.7 76 .9 
------ --------
- --- --- --- --- --- ---
--- --- --------
Average ____ __ ------ 3. 5 4.3 2.3 4 . 6 3. 7 5. 7 4.8 1.8 1.8 8.4 7. 8 9.0 7 .6 7 . 1 5 .0 76.6 
Per cent of tot a) _ ___ 4. 7 5.6 3.4 6 . 0 4.8. 7 . 4 6 . 2 2 . 3 2 . 3 10.9 10 . 2 11.7 10.0 9.2 6.5 100.0 
--- --- --- --- --- --- --- --- --- --- -
-- --- --- --- --- --
Av. Number 3.0 Normal Sperm _____ 2.9 3.9 1.9 3 . 8 4.6 3.2 . 5 1.0 7.4 7.2 8.6 7. 3 6 .2 4 .6 66 . 1 
Per cent of totalt _- - 4.4 5.9 2.8 5 .6 4.5 6 . 9 4 . 8 .7 1.5 11.2 10 .9 13 . 0 11.0 9.4 6 .9 100.0 
Hampshires: 
.6 .4 .o 9 . 4 8 . 6 12.0 13.9 10.1 14.9 13.4 10.6 15.6 12.6 7 .9 5. 2 136.6 48 _______ - -- --- - -- -
49 _____ ----- - ----- - 13 .0 1.0 8; 3 10 . 1 6 . 6 7.8 2. 7 7. 1 3 .9 10 .2 5 . 8 9 .4 7. 7 11.4 3 .9 106 . 1 
60 _____ ------------ 3. 3 7. 2 8 . 3 9 .9 11.2 6.2 7 .I 8. 7 13 . 5 17 .0 9. 5 25 . 1 15.8 6 . 3 5.8 154.9 55 ________ ________ _ 
---
0 0 0 0 0 .4 .4 . 9 8 .0 4.9 2. 6 1.7 5. 3 7. 7 32 . 2 
85 _____ ----- -- - -- -- --- 1.0 1.0 3 .0 3 . I 2.2 3.2 2. 7 4.2 1.9 1.4 2. 3 1.6 1 .9 .I 29 . 9 
747 _______ ------- - -- --- 2 .9 5 . 2 4 . 1 5.2 10.3 .9 10 . 5 16.5 13 . 2 4.4 14 . 2 10.9 5. 5 4 .6 108.5 
149---~- - - - ---- -- -- - --- 4 . 7 18 . 7 11.1 8 .3 14 . 1 . 3 7. 5 2 . 3 4 . 1 5.8 3.0 6.9 5.0 2 . 7 97 . 7 
33_ ___ _ - -- - - - ------
--- ---
0 6 . 5 9.4 4.8 6.1 4. 7 8.0 7.8 7.3 5.9 4 .4 8. 7 6 .0 80.0 
---
--- ------ ------
--- --- --- --- ---
--- --- --- ---
Average ______ ------ 5. 7 2. 5 5 . 2 6 . 8 6.6 7. 2 4 .3 6 . 5 7.9 9 . 5 6 . 2 9 . 8 7. 7 6 . 5 4. 5 92 . 7 
Per cent of total*_-- 6.1 2 . 8 5.6 7.3 7 . 1 7 . 7 4 .6 7 .0 8 .5 10.2 6 . 8 10 . 5 8 . 3 7 .0 4 . 8 100 .0 
---
--- --- --- --- --- ---
--- --- --- --- ---
--- --- -----
Av. Number 6.7 3.8 5.9 7.7 9 .0 5.9 9.5 Normal Sperm __ ____ 5. 5 2.4 5 . 0 6 . 4 6 . 3 7.5 6.3 4 . 4 92 . 5 
Per cent of totalt--- 5 .9 2 .6 5.4 6 .9 6 .9 7.2 4.1 6.3 8 . 5 9 . 7 6 . 3 10 . 2 8.1 6 . 9 4. 7 100 . 0 
*Percentage of total number of sperm collected J anuary 1935-February 1936. 
tPercentage of total number of normal sperm collected January 1935-February 1936. 
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Some of the rams included in Table 2 were not considered in 
Table 3, and records are incomplete for some other rams. Only 
three Hampshire rams were tested in January 1935 and seven in 
February 1935. Ram 61 is included in Table 2 to show how large 
a difference might exist in the breeding ability of different rams; 
however, he was not included in the total or average, since the 
experiment was devised to establish, if possible, the breeding be-
havior of normal rams such as could be used for field rams. Rams 
31 and 32 had to be excluded for the same reason. They had been 
underfed in the previous season and were markedly stunted. Ram 
61 could not be induced to mount a ewe until after a testis opem-
tion in July 1935. His low sperm production following this opera-
tion was correlated with a low level of mating desire. He died in 
February 1936 after an attempt was made to stimulate spermato-
genesis by injection of an emulsion of acetone-dried pituitary 
powder. Histological studies of the testis taken before operation 
and after death showed that spermatogenesis had been occurring. 
There seems to be no explanation of his behavior, but he acted 
like rams described by Zawadovsky (1933) as homosexual. Semen 
samples were not obtained from Shropshire rams 0, 2, and 9 from 
February to April, possibly because they were not accustomed to 
new surroundings and new breeding platforms; however, other 
rams were not disturbed by the same changes in management made 
at this time. Shropshire ram 5 is included in Table 2 (mating 
desire) because of his apparently normal behavior, but he has been 
omitted from averages in sperm production measurements because 
of his sterile condition. Studies on Hampshire ram 55 are included 
in the totals in Table 3, although semen samples could be collected 
from him only from July, for he actually bred during the mating 
desire tests but showed little interest on the breeding platform. He 
seemed to resemble the Shropshire rams 0, 2, and 9 both in lack of 
breeding interests and in the low monthly averages throughout the 
experimental period. It seems probable that their low breeding 
activity and their inactivity behavior in some seasons may be 
closely correlated. 
Some rams showed a more marked decrease in sperm produc-
tion from June to September than others. Shropshire rams 0,. 2, 
7, 9, and 12 were most conspicuous. In the Hampshires 747 and 
749 sperm production decreased only in June and che number of 
sperm returned to its former level during the following month. 
The Shropshire had a far more marked decrease in sperm produc-
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tion over a longer period than the Hampshires. This period of 
lowered activity did not fall in the same test periods in the two 
breeds; July was the low month for the Hampshires and August 
and September for the Shropshires. The period of high sperm 
production lasted from August to January in the Hampshires and 
from October to January in the Shropshires. During the spring 
a comparatively high level of spermatogenesis was found in both 
groups, but it was higher in Hampshires than in Shropshires. 
These variations were more apparent when the average number of 
spermatozoa ejaculated during each monthly test period was 
expressed as percentages of the average total for the experiment 
as in Table 3. The averages are shown both in this table and in 
Graph 2. 
Even though all the rams had the same opportunity to breed 
ewes, there was a: m~rked variation in the sperm production in the 
two breeds and in the individual rams within the breeds. Eight 
Hampshire rams produced 741.7 billion spermatozoa in fifteen test 
periods; eight Shropshire rams produced 612.4 billions. Shropshire 
ram 10 produced 178.4 billions; ram 9, 26.3 billions; and ram 7, 25.3 
billions; the average for the breed was 76.6 billions. Hampshire ram 
60 produced 154.9 billions; ram 55, 32.2 billions; and ram 85, 29.~) 
billions; the average for the breed was 92.7 billions. 
Since the absolute number of spermatozoa in an ejaculate 
depends upon the two factors, concentration and volume, it is of 
interest to know which of these factors plays the more important 
role in regulating the seasonal variation. Table 4 shows the average 
concentration of spermatozoa for each ram from all ejaculates for 
each test. The concentration is expressed in millions per cubic 
millimeter. Graph 3 shows the monthly averages of all rams of the 
two breeds separately. At the same test period, there might be 
great variation in concentration between the different rams. The 
Hampshires produced a more concentrated semen throughout the 
year than did the Shropshires. 
The semen of the Shrupshires was very thin during August 
a)ld September, whereas that of the Hampshir.es was somewhat thin 
in June. Since the variations in concentration were slight, the 
increase in the total number of spermatozoa must have been due 
to the increased numbe1: of ejaculates during the breeding season, 
for volumes of ejaculates changed but little. 
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Graph 3.-'--Seasonal variations in concentration of sperm. The 
columns represent the number of sperm per cubic millimeter in 
millions for each test (thirty minutes). 
.27 
TABLE 4.-SEASONAL VARIATIONS IN THE CoNCENTRATION oF SPERMATOZOA EJACULATED DuRING AN ENTIRE TEsT PERIOD (30 MIN-
UTES). NuMBER OF SPERM (MILLIONS) PER 1 MM. 3 OF SEMEN. 
Ram Jan. Feb. March Apr. May June July Aug. 
Aug.-
Sep. 
Sep.-
Oct, Oct. Nov. Dec. Jan.'36 F.eb.'36 
-- -- -- -- -------- ---- -- -- -- -- --Shropshires 
o ______ -------------- 2.46 0 0 0 2.13 2.34 1.82 . 23 .06 2. 80 1. 79 2.28 2. 71 2.11 2.35 
L-- -------- __ · ____ -- 2.87 2.93 2.51 2.07 1. 58 3.67 2.33 . 15 1.00 1.92 2. 21 3.00 3. 53 3. 70 3.34 
2_---- -------------- 1. 25 0 0 0 1.56 .95 1.95 .36 .25 1.52 1.60 2.22 2 .96 3.10 2. 70 
12_------------------ 3.00 3.20 1. 82 2 .. 62 1. 17 2. 90 2 . 20 .06 .92 1.49 1. 70 2.12 3. 77 2. 75 3.15 
7--- - --------------- 1.42 1.30 1.15 1. 52 .43 1.13 1.80 1. 21 .77 .72 1. 70 . 12 .91 1.17 2. 75 
9_------- ----------- 2.55 0 0 0 1. 36 .90 1. 63 1.02 .11 1.12 , 39 2 .45 2 .21 1. 76 2.16 
10_- --- -------------- 3.18 4.00 2.92 4.00 1. 51 2.40 1.44 1.54 .60 1.96 3.45 3. 27 2.95 3.66 2. 51 lL ____ -------------- 2. 70 3.92 2.60 2.19 2.39 3.12 . 85 .47 .66 2:56 2.10 2.24 2. 35 2.71 2 .90 
-- -- -- -- -- -- -- -- -- -- -- -- -- --- ---Ave.rage _ _____________ 2. 30•• 2.408 1. 37• 1.551 1.52 2.16 1. 75 . 70 . 55 1. 76 1.87 2. 21 2.67 2.62 2. 73 
Hampshires 
48 ___ ----------------- 1. 74 4.67 0 4.54 3. 88 3.56 3.06 2.66 2.43 2 . 00 1. 86 2.44 3.89 3. 36 2.50 
49 __ ------------------ 4 .83 2. 55 3.07 3.61 3. 37 2.81 2 . 19 2. 75 1. 79 3. 91 2.04 2.51 4 . 35 3.96 2A8 60 _____ ._ - - --------"--- 3.00 3.40 2 .96 1.97 2. 31 1. 70 2.38 2.93 2.10 2.50 1. 70 2.70 3. 30 2.20 1. 94 55 ________ ____________ 
----
0 0 0 0 0 4.43 4.60 3. 11 3. 81 3.28 3. 30 2.17 4 . 16 4.18 85 _______ -- _· __ --------
----
2. 50 2.50 2.54 2.19 1. 73 2.17 1.55 1.60 .71 .78 2.28 2.27 2 . 21 1. 37 
147 _______ _ ------------
----
2.96 2 .60 2. 05 1.94 3.00 .38 2.08 2.96 2.06 2.00 3, 00 3.57 2 .63 2 :61 
749 ___ _____ --.- -- ---- ---
----
2.20 4.33 3.46 2.66 3.11 1.60 1. 84 1. 63 1.67 1. 73 2 . 35 4.14 3'c88 2. 33 
33 _____ - ----- - - -------
-- -- ----
0 3. 06 4 .94 3.07 3.21 3.65 1. 83 3.43 2.14 3. 26 3 .99 4.96 2.48 
-- --- -- -- -- -- -- ---------- ----. ~---Average ______ ..: ________ 3.19'* 2.61' 1. 93• 2.65• 2.66• 2.378 2.43 2. 76 2.18 2.51 1.96 2. 73 3.46 3 .42 2 .. 48 
*Superscript numenils indicate number of animals included in average. 
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Graph 4.-Seasonal variation in voh.1~1e of semen. The columns 
represent the total volume of semen collected during a test period 
(thirty minutes) expressed in cubic centimeters per ram. · 
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In Table 5 and Graph 4 are shown the. values for the volumes 
of the ejaculates. A wide variation existed in the total volumes of 
semen obtained from the different rams. The largest amount, 9..2 cc 
TABLE 5.-SEASONAL VARIATIONS IN THE VoLUME oF SEMEN (IN cc) EJACULATED DuRING AN ENTIRE TEsT PERIOD (30 MINUTES). 
Aug. Sep. Jan. Feb. 
Ram Jan. Feb. March Apr. May june Jyul Aug. Sep, Oct, Oct. Nov. Dec. 36 36 
-- -- -- -- -- --
-- -- -- -- -- --
-- -- --
Shropshire& . 
o ______ -------------- 1.8 0 0 0 1.9 2.0 1.6 .8 2.6 4.5 4.0 3.0 1.1 2.0 1.5 
L"---- -------------- 1.7 2. 7 1.2 5.2 3.4 2.6 3.9 2. 5 1.9 5.4 5.8 4.9 2.9 3.2 2.0 
2 __ - -- --------------- 1.6 0 0 O+ 1.0 3.1 2.7 2.9 3.8 5.6 1.1 3 0 3 2.8 1.6 1.0 
5*------- -------- --- - 1.2* .6* .8* 2. 1* 2.1* 1.0* 3 .2* 3.2* 4.2* 3 0 5* ·y.s -·f6 -~~9 3.4* 5.9* 12 _____ --------------- .7 .7 3.6 2.5 3 0 3 3.0 2.2 1.7 3.9 3.3 2.5 1.8 
7 _____ - -------------- 2.0 .4 1.2 1.0 .6 2 .I .8 1.8 1.7 1.7 .8 2.6 1.4 .8 1.3 
9 _____ -- ------------- 1.4 .0 .0 .0 .7 2. 3 1.3 1.4 2.2 2. 3 2.3 1.4 1.3 1.4 2.0 
10 ______ - ------------- 2.0 2.9 1.1 2.9 4.2 4.0 6.1 4.6 8.0 7. 9 7.8 8. 0 3.9 3.8 3.8 
1L _______ --- _ ---- __ -- 1.7 2.2 1.0 2.2 2. 1 .6 2.1 2.3 1.9 3.7 2.2 3.0 5.9 1.1 1.9 
-- -- -- -- --
-- -- -- -- --- -- -- -
- -- --
AvCrage _______ ________ 1.6 1.1 1.0 1.7 2.1 2.4 2.8 2. 5 3 0 3 4 . 3 3.4 3 . .7 2;7 2.5 1.9 
Hampshires 6.8 5.8 6.4 2 . 5 48_ ------------ ------- .4 .2 .o 2.0 2.2 3.4 4 .4 4.1 6.4 3 0 2.1 49 _________ ----------- 2. 7 .7 2.6 2.8 2. 6 2.9 1.2 2. 0 2. 0 2.6 2.7 4.0 1.8 2.8 .6 
60 ______ --- ----------- 1.1 2.2 2.8 5.0 4 .7 3.1 2. 7 3.0 5.8 7.1 5.7 9.2 4.4 3.0 3.0 
55.-------------·----- ---- .0 0 0 0 0 .I .1 .3 2.1 1.6 .8 .8 1.7 1.8 
85 ______ ---- ----------
----
.4 .4 1.2 1.4 1.3 1.3 1.7 2. 5 3.4 2.6 1.0 .7 . 8 .I 
747-------------------- ---- 1.0 2.0 2.0 2.6 3.2 1.8 5 . .1 5.5 4 . 1 2.2 4.5 2.8 2.1 2.0 
749 _____ _ --- -------- ---
----
2. 1 4.2 3.1 3. 1 4 . 1 0 2 4.1 1.4 2.5 3.7 1.3 1.5 1.3 1.2 
33 ______ --------------
---- ----
0 2.0 2.0 2.1 1.9 1.3 4.1 2. 3 3.0 1.7 1.1 1.7 2.4 
-- -- -- -- -- --
-- -- -- -- -- --
-- -- --
Average _____ .,. --------- 1.4 0.9 1.5 2.3 2. 3 2.5 1.7 2.7 3.5 3.8 3.4 3.6 2.0 1.9 1.6 
*Ram 5 is not included in the average. 
...., 
0 
~ 
.... 
en 
en 
0 
c: 
~ 
> Cl 
::a () 
c: 
t"' 
o-j 
~ 
> 
t"' 
~ 
~ 
1!1 
::a 
~ 
1!1 
z 
o-j 
1:/l 
~ 
o-j 
.... 
0 
z 
RESEARCH BuLLETIN 265 31 
in nine services, was secm'ed from Hampshire ram GO in October. 
Four times Shropshire ram 10 produced a total of about 8.0 cc in one 
ten-minute period (several ejaculates ) . Some rams failed to breed 
at all during a test period. Shropshire ram 5 had a normal volume 
of semen but rarely any !'ipermatozoa. 
No difference in the ejaculate volumes between the two breeds 
is evident in Table 5 and Graph 4. In both breeds the largest total 
average amount of semen v\·as collected in September-October, when 
the volume for Shropshires was 4.8 cc and for Hampshires 3.8 cc 
per ram. The amount of semen ejaculated from August-September 
to November was far larger than that during the rest of the year; 
but no pronounced reduction .in volume paralleled the reduction in 
concentration of spermatozoa during August and September in the 
Shr:opshires. However, the total volume paralleled the total num-
ber of services during each test period (Graph 2). Therefore, it 
seems that the number of spermatozoa was dependent not so much 
on the volume as on the concentration of the spermatozoa and 
the number of services duri'ng each test period. These two fact01·s 
cause the increase in fertility during the breeding season and the 
redu:ction in spermatozoa during August and September in Shrop-
shires. From January to July the concentration changed little, but 
the fewer services resulted in fewer spermatozoa than during the 
breeding season (September-December). 
Sperm Morphology 
The presence of abnormal spermatozoa in semen may be 
another index of seasonal variation in spermatogenic activity. 
Several investigators have shown that a high number of abnormal 
spermatozoa is an indication of spermatogenic derangement and 
accompanies reduction in fertility. Williams (1920) was one of the 
first to recognize the correlation between fertility of bulls and the 
morphological appearance of their sperm. This method was later 
worked out more thoroughly by Williams in cooperation with 
Savage (1927). Moench and Holt (19:H) investigated the semen 
of man and came to the same general conclusion as Williams. 
McKenzie and Phillips (1934) were the first ones to apply the 
method to the measurement of the fertility of rams. LagerlOf (193;5) 
reported rather extensive investigations on the appearance of 
abnormal spermatozoa in bulls in Sweden. It seems justifiable to 
utilize this method to study the state of fertility of males at differ-
ent sea·sons. The number of abnormalities will be used simply as 
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an indication of the level of fertility; without taking into consider-
ation the possible causes for their formation. 
Whether or not the morphologically normal spermatozoa in an 
ejaculate high in abnormal sperm retain their fertilizing capacity 
or are affected in some undetcctab'le way is uncertain. 
This is an important problem in sires with reduced fertility 
coincident with numerous abnormal spermatozoa in the semen. 
If, for instance, in a ram the volume of semen is small and the 
abnormality count is high, the number of healthy spermatozoa in 
an entire ejaculate could easily fall below the threshold value of 
60 millions which Kusnczow (1934) found to be necessary for a 
good lambing percentage in sheep. If the volume of semen is large, 
the total number of normal spermatozoa may still be high even 
though many morphologically abnormal forms are present. 
A preliminary study of seasonal varia"Lions in sperm morph-
ology was made from November 1933 to July 1934, at the Univer-
sity of Missouri.* The Shropshire rams used in the present experi-
ment were those included in this preliminary study. ·They were 
8-9 months old when the experiment began on November 1, 1933 
and were kept under conditions similar to those in the experiment 
of 1934-36, but at two levels of nutrition (both adequate). Weekly 
semen samples were taken for morphological observations. The 
system of classification used in counting the abnormal forms may 
have . differed slightly from the present system, but the results 
were very similar. The variations among the individual rams com-
pletely overshadowed the differences that might have been due 
to nutntwn. This early work showed an increase in abnormals 
up to 300 per thousand during February, an improvement in 
March, and a very marked increase of abnormals in June, some 
rams having 700 to 980 abnormal sperm per thousand. 
The fluctuation in the appearance of abnormal forms during 
the present experiment are shown in Table 6 and Graphs 2 and 5. 
The data are presented in two ways: (1) The average number of 
abnormal forms per thousand based upon average counts of all 
ejaculates are presented to show the abnormality count for each 
ram for a month; the averages for all rams then .show the seasonal 
variations. (2) The average number of healthy spermatozoa in all 
ejaculates during a period is shown in Table 3 and Graph 2. To 
obtain these numbers, the actual humber of abnormal spermatozoa 
m each semen sample from each service was computed from the 
*Merle E. Vaughan, Research Assistant in Animal Husbandry, assisted in these trials. 
TABLE 6.-SEASONAL VARIATIONS IN THE PROPORTION OF ABNORMAL SPERM ... 
Aug. Sept. Jan. Feb, 
Ram Jan. Feb. March April May June July Aug. Sept. Oct. Oct. Nov. Dec. 36 36 
-----------------Shropahirea 
o___________________ 85 ____ ___ ____ 254 249 259 649 318 106 98 34 40 21 21 !___________________ Jl7 125 99 205 54 54 151 876 165 56 62 37 28 25 19 :;;o 
2___________________ 78 --- --- --- 165 264 151 741 484 90 48 42 20 34 15 f!j 
12------------------- 82 63 140 202 90 96 141 541 383 50 52 24 71 19 24 en 1------------------- 387 519 508 782 589 826 976 978 675 642 462 208 278 156 170 ~ 9___________________ 516 --- --- --- 366 735 756 993 739 560 531 155 128 209 414 ~ 10 __________________ " 58 98 92 153 97 110 414 496 458 95 45 42 21 24 51 (") 
n___________________ 152 93 I« 142 242 135 484 591 341 112 42 38 24 25 45 :z: 
-- -- -- -- -- -- -- -- -- -- -- -- -- -- --Average_______________ 184 180't 196' 2%' 231 308 416 733 445 213 168 73 78 64 97 tt) 
Hampahirea ~ 
48------------"------- 24 51 --- 36 41 41 136 39 38 51 72 30 20 13 18 t"' 49___________________ _ 24 26 93 53 51 103 385 72 35 52 34 21 38 18 19 ~ 
60.------------------- 58 43 40 56 53 45 56 36 34 H 38 19 25 83 46 ,... 55____________________ ___ ___ ___ ___ ___ ___ 192 22s 54 76 66 34 23 23 3.8 z 
85____________________ --- 69 66 48 35 32 51 53 43 45 43 27 19 25 26 
741-------------------- --- 18 61 71 49 149 761. 176 57 67 72 35 42 38 54 N 749____________________ --- 29 17 35 18 23 138 52 35 65 24 42 35 37 27 ~ 
33.------------------- --- --- --- 64 71 33 H 57 40 33 28 30 33 21 21 
Average _______________ ---wt ~ -----w ---sz,- -w- 601 ---nO" "9iJ ~ "54 -v ---ro ---ro --32- Jl 
*The figurea represent the numbers of abnormal forma per thousand aperm. 
tSuperscript numerals indicate number of animals included in average. 
...... 
...... 
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Graph 5.-Seasonal variations in proportion of abnormal 
sperm. 
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total number of spermatozoa in the same semen to find the actual 
number of abnormals. By substracting the avera:ge number of 
abnormal spermatozoa from the average number of spermatozoa 
produced during a test period, the number of normal spermatozoa 
was obtained. The increase in the number of abnormal forms 
during June, July, and August was very marked in the Shropshires 
and noticeable in the Hampshires only in July. The maximum 
average number of abnormal forms in the Hampshires was 220 per 
1000, and in the Shropshires, 733 per 1000. 
The rise in the number of abnormal spermatozoa, which was 
considerable in the Shropshires in April and slight in the Ramp-
shires in March, is similar to that observed in 1933-34. The 
Shropshire rams always showed many more abnormal spermatozoa 
than the Hampshires. This was most obvious in rams 7 a:nd 9 
whose semen throughout most of the year contained more than 
50% abnormal forms; but the other Shropshires had higher abnor-
mal counts than the Hampshires except from October to February. 
Shropshire ram 10, although he had a very high tota:l sperm yield, 
produced approximately 50% abnormals from July to October. 
The semen of Hampshire ram 747 with 761 per thousand during 
July had the greatest proportion of abnormals for the breed, but 
his number of normals was still relatively high. Hampshire ram 
85 showed very little increase in abnormals during the year, but 
he had such a low total number that he would be considered a 
poor producer. 
The averages of the actual number of abnormal sperma:tozoa 
for each test period are shown in Graph 2. In the Shropshires the 
absolute number of abnormals increased from February to August 
In August the total number of spermatozoa was small a:nd the 
number of a·bnormals per thousand increased to over 700, as is 
shown in Graph 5. In August-September the total number of 
spermatozoa was still small (Graph 2), but there were three times 
as many norma:l sperm as at the preceding test period. During the 
breeding season that followed, the abnormals dropped to a very 
small fraction of the whole. In the Hampshires the proportion _of 
abnormals stayed lower at all times tha:n in the Shropshires and 
never approximated the high level of the Shropshires in July or 
August. Likewise, the absolute number of spermatozoa produced 
by the Hampshires never dropped to the low level found in the 
Shropshires. Consequently, spermatozoa were always present in 
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TABLE 7.-A SUMMARY OF OBSERVATIONS MADE ON THE SHROPSHIRE RAMS 
DuRING THE PERIOD FRoM NovEMBER 1933-JuNE 1934, INcL. 
Number of Abnormal Sperm per 1000 
Ram 
No. Nov. Dec. Jan. Feb. Mar. Apr. May. June 
--- --- ---
---o _______ no collection }_ ______ 80 288 124 
31-140 105-547 2 _______ Ill 165 87 45-213 93-458 s_ ______ 117-234 llo.:-270 v~;y few sP~rm, nearh all abnormal 
7------- 396 
642-297 480 686 63i 711.:.:697 
761 976 
9 _______ 560 500 752-783 911-782 
10 _______ 156 470 462 1i6 567
 629 386 730 
ll_ ______ 75-171 57-42 57 142-252 Ill 56--375 6o.:-993 12 _______ 42 130 120 
External Te~Perature (Averages for Month) 
131-141 219-106 39-698 
c c c c c c c c 
--- -
-- ---
7 . 5 3.0 2.0 -0.5 8 . 0 13 .0 20.0 27.0 
Mating Desire* 
o _______ 0 0 0 0 0 0 0 0 !_ ______ 5 4 0 1 2 2 4 5 2 ______ _ 5 6 1 0 5 6 5 4 s _______ No Record 7 _______ 4 4 4 4 2 1 5 4 9 _______ 5 5 5 5 5 5 5 5 10 _______ 5 4 6 6 5 4 5 5 ll _______ 5 4 4 5 6 6 5 5 12 _______ 5 6 3 0 2 5 4 5 
*The level of mating desire ia indicated as varying from none (0) to very pronounced (6). Copula-
tion was not completed at levels of 2 or lOwer. 
sufficiently large numbers to insure fertilization in the Hampshires 
but not in the Shropshires during August and September. 
In Table 3 the percentage of the total sperm production con-
tributed during each test period is compared with the percentage 
of total normal sperm production for the same period. The latter 
method shows distinctly tha:t the Shropshires have a short season in 
the year, during August and September when they are temporarily 
sterile followed by a: fairly rapid recovery and high spermatogenic 
activity during the breeding season. The Hampshires did not show 
such a distinct non-breeding season and had a more even distribu-
tion in sperm production throughout the year, somewhat higher 
during the early fall than the rest of the year. 
The similarity of sperm production, as measured by abnormality 
counts, of these same rams in the preliminary experiment and in 
tl~is experiment is striking. A summary of the preliminary data is 
included as Table 7 for comparison. Rams 7 and 9 showed high 
abnormality counts, ram 0 was a sluggish and infrequent breeder, 
all rams showed numerous abnormals, up to 993/1000, during June 
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and very low counts in November and December. Ram 11 and 
ram 12 were more abnormal in June 1934: than in June 1935, but 
the hot season came much earlier and was much more severe in 
1934 than in 1935. Ram 10 showed many mor.e abnormals as a 
yearling than as a two-year-old ram. 
Summary 
A distinct period of increased spermatogenic activity could 
be observed in both breeds (Graph 6) . It fell into the· months 
October to January for the Shropshires, and August to January for 
the Hampshires, and coincides with the recognized breeding sea~ 
son. It is characterized as follows : 
(1) A large number of copulations was completed; 
(2) a large number of spermatozoa was ejaculated; 
(3) the total volume of the ejaculates was large; and 
( 4) a small absolute and relative number of abnormal sperm-
atozoa occurred in the semen. 
In late winter and throughout the spring months the number 
of spermatozoa ejaculated, the volume of the ejaculates, and the 
concentration of spermatozoa were smaller than in the breeding 
season with its· high activity. The number of abnormalities in the 
Shropshires was higher than during the breeding season but not 
high enough, probably, to impair fertility. Fewer services were 
completed during this period than during the breeding season, but 
more attempts were made in the spring than in the summer. 
The onset of the high spermatogenic activity of the breeding 
season was preceded by a period of decreased sperm production that 
extended from June to September, a decrease that was very pro-
nounced in the Shropshire rams but was only slightly noticeable 
in the Hampshires aad then principally in July. During this period 
the performance of the Shropshires was characterized by: 
(1) A small number of spermatozoa ejaculated, 
(2) a decrease in concentration of spermatozoa, 
(3) a marked increase in the absolute and relative number 
of abnormals, 
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Graph 6.-Composite for graphs 2 to 5 and curve for official 
maximal temperatures in 1935 for Columbia, Missouri, vicinity. 
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and of the Hampshires by: 
(1) Slightly smaller quantities of semen, 
(2) somewhat lower concentration of spermatozoa, and 
(3) an insignificant increase in abnormals. 
39 
The volumes of ejaculates and numbers of copulations did not de-
crease markedly in either the Shropshires or the Hampshires. 
Neither the volumes of ejaculates, the number of completed 
copulations, the number of attempted copulations, the concentration 
of sperm, nor the relative number of abnormal spermatozoa can be 
used alone as a reliable measure of reproductive capacity in rams 
although all these factors together must give a rather accurate 
picture of it. 
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PART II. RELATION OF FREQUENCY OF COPULATION 
TO REPRODUCTIVE CAPACITY IN RAMS 
Many workers have studied the influence of the frequency of 
service on the qua·lity of sperm by actually counting the number of 
spermatozoa in different semen samples or by breeding experiments 
using natural or artificial insemination. Observations have been 
made on laboratory animals, such as rabbits and dogs, and on large 
farm animals, such as stallions, bulls, and rams. Lode· (1891) was 
apparently the first to study the problem. He observed in dogs, 
and his observations have been confirmed by all later workers, a 
marked decrease in the number of spermatozoa in frequent suc-
cessive copulations and a less rapid decrease when the intervals 
between matings were prolonged up to forty-eight hours. He 
believed that sexual excitement stimulated the ejaculation of 
larger numbers of sperm in dogs. Similar results were obtained 
by Lloyd-Jones and Hays (191'8) in rabbits. Hammond (1921)., 
on the other hand, found that a rabbit could breed thirty-nine times 
in eight hours without a marked reduction in the percentage of 
offspring. 
For the stallion, Lewis (1911) found a marked decrease in the 
number of spermatozoa and lowered vitality and viability in the 
later ejaculates as compared with the first. He observed that stal-
lions differed greatly, some sluggish or older stallions show-
ing signs of exhaustion of sperm supply a-fter fewer services 
than younger and more energetic sta-llions. Polowzow (1928) 
obtained similar results on trotter stallions and draft stallions; 
the' trotter stallions were more productive than the draft 
types. A rest pt:riod of twenty-four hours was sufficient to restore 
the normal number of sperm and to eliminate the high proportion 
of inviable spermatozoa that showed up after frequent matings. 
Polowzow and Nagaiew (1929) also noticed that prolonged sexual 
rest had a detrimental effect on the spermatozoa; many dead, weak 
and abnormally formed sperm were observed in the first ejaculates. 
They did not agree with the opinion that in the stallion sexual 
excitement stimulates· sperm production. Woloskow (1935) noticed 
a pronounced difference in the spermatogenetic capacity between 
individual stallions. Some stallions were able to . yield sperm of 
high quality with two matings daily; others needed a day of rest 
at varying intervals. 
Only one report is available on the influence of sexual use on 
the boar. Rodolfo and Timofe_iewa (1932) found that boars could 
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not be used more than twice, preferably only once, in twenty-four 
hours, because the large amount of semen ejaculated at one mating 
exhausted the supply. 
Bulls differ somewhat from stallions and boars. Milowanow 
(1934) explained this on the basis of the differences in anatomical 
structure of the sex organs. In species like cattle and sheep the 
male genital organs are constructed in such a way that they can 
breed frequently. They produce comparatively small amounts of 
semen of high sperm concentration, for their accessory glands are 
of small volume and add only minute amounts of fluid to each 
ejaculate. The duration of copulation is very short in these species, 
a·nd a small amount of semen containing many sperm in highly 
concentrated form is eja·culated. Consequently, the storing organs 
cannot be depleted of all semen by one ejaculate. Many experi-
ments at Russian breeding stations have proved the correctness of 
tnls assumption. Kirillow and Morosow (193::3) found it difficult 
to produce complete exhaustion of spermatozoa in bulls through 
frequent matings. They studied the mating capacity of ten bulls 
and observed on one occasion that one bull made twenty-four ejacu-
lations in twenty-seven hours, the last ejaculate still containing 
live sperm in good concentration. The concentration was main-
tained at the same level (384.000 per mm3 ) for the first fifteen mat-
ings, then dropped sharply. Eighteen hours rest restored normal 
concentration in the next ejaculates. In another experiment nine 
bulls were each allowed to breed eleven times in one day. The 
average total number of spermato·zoa per ejaculate dropped from 
240 millions to 216 millions in the sixth ejaculate; by the tenth 
ejaculate the original number was again reached; and the eleventh 
still contained 160 millions. If bulls were allowed to serve one, 
two, or three times daily, those making three services daily pro-
duced the largest volume and the best semen of the three groups. 
These investigators also claimed a beneficial effect on the quantity 
and quality of the ejaculate if the bull spent some time getting 
ready to mount. Energetic bulls with strong sexual impulse ejacu~ 
lated smaller amounts of semen than less active bulls. The second 
ejaculate was often of higher quality than the first. They con-
cluded that bulls produced sperm continuously and regenerated a 
supply in less than twenty-four hours and that mating stimulated 
sperm production through neuro-psychic connections. After more 
recent experiments, Kirillow (1935) suggested that for prolonged 
•tse two ma:tings daily would be the optimum number. A group of 
'Julls giving three daily services showed signs of decreased sexual 
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potency. Lagerlof (1935) reported observations similar to those 
of Kirillow (1933) ot~ the influence of number of matings on sperm 
content. He let a bull serve twenty-nine times on nineteen con-
secutive days. Although the number of spermatozoa was decreased 
in some ejaculates (no actual numbers were given), a rest period 
of one night was sufficient to restore the normal number on the fol-
lowing day. Often the second and third ejaculates contained more 
spermatozoa than the first, especially if the bull served at inter-
vals of only a few minutes, which also agreed with Kirillow's ob-
servations on the influence of sexual excitement. 
For the ram similar results were obtained in numerous experi-
ments in Russia. Usually the quality of the semen was investigated 
not only in regard to number and vitality· of spermatozoa, but also 
in actual breeding experiments, by service in the natural way or 
by artificial insemination. This furnished a good check on the 
physiological qualities of semen produced under varying degrees 
of use of the males. Liitikowa and Polowzowa (l933) reported 
experiments with rams of a na:tive Caucasian coarse-wooled breed 
and Merino rams : (1) If the rams were allowed to breed once 
daily, the average volume of the ejaculates was 0.76 cc containing 
1.54 billion spermatozoa. (2) With two daily services at one and 
one-half hours intervals over a period of eight days the first 
ejaculate contained 1.78 billions and the second 1.31. (3) With 
three daily services over the same length of time, the first ·ejacu-
late consisted of 1.07 cc semen containing 1.25 billion sperm-
atozoa and the third, of 0.76 billions in 0.7 cc. Two hundred forty 
sheep were inseminated with the different ejaculates. The per-
centage of lambing in ewes inseminated was fifty:..five for the first 
group of rams, forty-three for the second ejaculates of the second 
group and forty-seven for the third ejaculates of the third group 
of rams, showing insignificant variations in quality and quantity 
qetween the first, second, and third ejaculates of the respective 
groups. Loginowa (1936) in similarly arranged experiments con-
firmed these observations. Merino rams showed individually a 
larger decline in sperm production than the native rams. 
Kusnezowa et al. (1932) reported that it was very hard to 
exhaust completely the sex organs of the ram, for one ram after 
forty-two consecutive ejaculations within nine hours still ejaculated 
100 million spermatozoa. The first ejaculate had contained 2;Jj 
billions. An artificial vagina was used for this experiment. No 
breeding tests were made with these ejaculates, and the breeding 
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capacity of the last ejaculates may or may not have been reduced. 
In the text book by Kusnezowa (1932) Philippow and Shulgin 
reported a complete depletion after the tenth copulation with 
collections made by the sponge method. This may be misleading, 
for quantities collected with the sponge method should be multi-
plied by ten to be comparable with more recent observations, and 
small ejaculates might be missed entirely. Ram semen collected 
from services twenty-four hours apart was of higher concentration 
than from those forty-eight hours apart, which the authors believed 
to be an indication that moderate use stimulated sperm production. 
Moderate Frequency of Copulation 
The tremendous variation in breeding activity between the 
individual rams within the breeds is shown in Tables 8 to 23. The 
breeding records of the Shropshire rams 10, 12, and 9 and of the 
Hampshire rams 60, 49, and 747 are presented in Graphs 7 to 12, 
since they are considered to be most representative of their specific 
types. Although a certain uniformity from one test period to the 
other was apparent in the behavior of individual rams, there were 
marked variations even within a test period. 
Wherever rams showed strong sexual impulse and mounted 
the ewes very promptly after they were admitted to the platform, it 
was noticed that this first ejaculate contained fewer sperm than 
subsequent ejaculates. The volume in these cases was often 
average or above, but the concentration was usually low; resulting 
in a low sperm count. This would be comparable to the overly 
active bulls described by Kirillow (1933). 
Shropshire ram 10 (Table 8 and Graph 7) ·was able to give ten normal 
services within two hours, and, on one occasion, five in ten minutes, without 
serious depletion. Even in August, durinl't the season of relatively low 
activity, the tenth ejaculate still contained 200 million spermatozoa, although 
the concentration had dropped from 2.4 mi!lions/mm3 in the first ejaculate 
to 0.5 million in the ninth and tenth: In the breeding season, however, the 
concentration kept at an even level and was hardly decreased in the last 
ejaculates. 
Shropshire ram 1 (Table 9) had a total production of spermatozoa 
closest to that of Shropshire ram 10, although he never gave as many services 
on one day as Shropshire ram 10. This record shows quite clearly the decrease 
in number of spermatozoa with successive matings and the beneficial influ-
ence of approximately one-hour rest periods. In April, and again in Octobe'r 
and December, drops in number of spermatozoa ejaculated occurred in the 
final third of the test period only. It may be characteristic of this ram that 
the rate of recovery is lower thart in Shropshire ram 10 and Hampshire ram 
60. Sperm productiqn was low in August and August-September. 
In Shropshire ram 12 (Table 10 and Graph 8) exhaustion of sperm 
supply was observed in July. August, and even in December and January, 
but recovery was achieved after one hour of rest. The ram acted slowly and 
spent some time with the ewe before mounting, with the result that the first 
ejaculate was larger than the following ones. 
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Shropshire ram 11 (Tc,ble 13) was a distinctively slow breeder. After he 
had bred the ewe at the beginning of a period, he usually lost interest. In 
March he bred only once during the whole test period. The ejaculate in 
February of five billion spermatozoa was extraordinarily large for any ram. 
One hour later he made one other mating that contained 840 millions, 
whereas in June exhaustion became evident after the first copulation. 
Shropshire rams 7 (Table U) and 9 (Table 12 and Graph 9) can hardly 
be classified as normal rams. The number of spermatozoa ejaculated at one 
service was always much smaller than from .other rams, with the exception 
of a few ejaculates from ram 9. The proportion of abnormal forms was 
extremely high throughout the year in both rams. 
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Graph 8.-Semen collections from Shropshire ram 12. For explanation of symbols 
see Graph 7. 
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Shropshire ram 0 (Table 14) and 2 (Table 15) had records very similar 
to Shropshire ram 11. Both showed no breeding desire from February to 
April, without apparent reason. Both rams ha·d rather small ejaculates of 
low concentration. No marked drop in amount of semen and in number of 
spermatozoa could be detected in Shropshire ram 0, but two cases of 
depletion occurred in Shropshire ram 2 during the last period of May . 
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Graph 9.-Semen collections from Shropshire ram 9. For explanation of symbols see 
Graph/. 
Thus it can be seen that depletion set in more often in rams 
that behaved actively, such as Shropshire ram 1, perhaps becau~e 
they would breed more often than did sluggish breeders which 
later quit copulating before their sperm store was depleted. 
The Shropshire rams had the following features in common: 
(1) the greatest breeding activity occurred during the first ten-
minute period of each monthly test, (2) more copulations were com-
pleted during the first five minutes of each ten minute test period 
I 
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than in the second five minutes, and (3) from July to September 
production was decreased sharply. 
The breeding records of the Hampshires .did not show such 
marked variation as those of the Shropshires, although some varia-
tion existed. This flock was decidedly more vigorous sexually than 
the Shropshires, and showed only small seasonal fluctuations. 
Hampshire ram 60 was a very active ram (Table 16 and Graph 10); the 
protocol and the graphical representation of his breeding record show a 
regular decline in number of spermatozoa from the first to the last ejaculate. 
On several days the decrease in the concentration was very pronounced in 
the first two or three ejaculates. The first two ejaculates in December, made 
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Graph 10.-Semen collections. from Hampshire ram 60. For explanation of symbols 
see Graph 7. 
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at very short intervals, were remarkably large. No exhaustion could be 
observed in this ram, but a marked drop in concentration occurred in the 
sixth ejaculate in April. In June this drop began after the second service, 
but recovery took place in one hour. 
Hampshire ram 48 (Table 17) showed very small decreases in sperm 
production with successive matings in some tests. Depletion was never 
reached in this ram. In the September-Octobe-r test in the second ten-minute 
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Graph 11.-Semen collections from Hampshire ram 49. For explapation of symbols 
see Graph 7. 
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Graph 12.--Semen collections from Hampshire ram 747. For explanation of symbols 
-see Graph 7. 
period only 270 millions were ejaculated, but a few minutes later over two 
billions were collected. A possible explanation is that the small amount of 
the first ejaculate was caused, not by depletion, but by lack of stimulation 
as' in ram 10. In October three ejaculates were collected in five minutes. In 
April one sample of his semen contained 6.5 billion sperm·, the largest number 
of spermatozoa obtained in a single ejaculate. 
Hampshire ram 49 (Table 18 and Graph 11) also gave several large 
ejaculates containing more spermatoza than the average without producing 
distinctly smaller ejaculates later, except in August when he came very 
close to a state o.f depletion. In August-September and September-October 
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the number of spermatozoa increased in the later matings. This might sug-
gest that during A:Jgust the testes had produced sperm at a lower rate and 
that fewer were stored in the duct system; stimulated by the first service, 
new sperm were brought from the epididymides. No reason is known for 
the comparatively low production in October. 
Hampshire ram 747 (Table 19 and Graph 12) pe.rformed rather irregu-
larly. At first only a few services, but of high sperm content, were made; in 
June two very large ejaculates were followed by a small one. fhis could 
be explained either as too large an expulsion, without sufficient spermatozoan 
recovery or as the counterpart of the case just described for ram 49. Prob-
ably because the season of lowered spermatogenetic activity was beginning, 
the. sperm brought from the testes or epididymides were in less concentrated 
numbers compared with the one:> ejaculated in the first two services. Ram 
747 in July differed from the other Hampshire rams in that his total produc-
tion during the whole test did not reach one billion. The last ejaculate 
.contained only five million spermatozoa; the concentration was 0.1 million/ 
mms. In August-September during the first ten-minute period (1 a and ~). 
he mounted the ewe thirty-four times without copulating, owing to the 
restlessness of the ewe. For the second test period (2 a and b), he mounted 
another ewe, which was substituted, three times and then ejaculated 3.7 
billion spermatozoa. Three minutes later he performed a second service 
with 6.2 billion sperm. The volume of this ejaculate was 1.2 cc compared with 
1.3 cc of the first; the concentration had increased almost 100 per cent from 
2.8 million to 5.2 million/mm3 . This seems to indicate that more concentrated 
semen had been brought from the epididymides and ejaculated after the 
first portion of average concentration had been expelled. As the following 
ejaculates were of normal quality, showing no depletion, sufficient semen was 
available from some source. In the September-October test the last ejaculates 
showed evidence of depletion. No explanation for this is apparent. The inter-
val of one week between the test periods would seem long enough w 
permit recovery. The possibility that some damage of a nervous nature had 
occurred through excessive excitement in the August-September test has to 
be admitted. This may be the explanation for the small number and low 
volume of ejaculates in the October test. 
The first half of the record of Hampshire ram 749 (Table 20) shows 
nothing exceptional. The first ejacuhtes usually contained the largest num-
number of spermatozoa and the numb<'r gradually fell in subsequent matings. 
No particular reason can be given for the low sperm production in July. In 
autumn the amounts of semen varied somewhat and often contained fewer 
spermatozoa than normal but never reached complete depletion. 
Hampshire ram 85 (Table 21) produced abnormally small ejaculates; 
only seven contained over one billion spermatozoa. Even during the breeding 
season, several ejaculates proba!;>ly did not contain sufficient spermatozoa to 
settle a single ewe, 400-500 million being required according to Milowanow. 
Unfortunately this ram was not tested over a 1onger and continuous pc;:riod 
to see when exhaustion would be complete. He cannot be classified with the 
.Shropshire rams 7 and 9 in that his sperm always showed a small proportion 
of abnormal forms. 
There are too few observations on hand on ·Hampshire ram 55 (Table 
22) to permit valid conclusions about his capacity. The concentration of his 
semen was normal · and the sperm content in the ejaculates· satisfactory, but 
the volume per ejaculate was usually below the normal average. 
Hampshire ram 33 (Table 23) started to breed later than the other 
H:lmpshires, probably because he was younger than most rams. From April 
until October his sperm production increased, but decreased from that month. 
Twice sudden reductions in sperm concentration were observed that could 
not be. classified as exhaustion, for the following ejaculates were up to normal.. 
Comment.-The data presented in Tables 8-23 give a quite 
accurate picture of the variation in the volumes. The size of the 
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ejaculate varied tremendously. The largest volume collected was 
1.5 cc from ram 60 in the November test. Two consecutive ejacu-
lates were collected at an interval of five minutes and each had 
this volume. Ejaculates of 1.0 cc were quite frequent in his case, 
but the- majo·rity were less than 1 cc (0.6-0.8 cc). Some rams 
yielded constantly larger volumes than others, and some had uni-
formly extremely small volumes. Frequency of ejaculation did 
not influence the volume to an appreciable extent, but in the same 
ram there might be a seasonal variation. The volume tended to 
be larger during the actual or natural breeding season. The first 
ejaculates were not always the largest in volume. 
The ejaculates with the smallest number of spermatozoa were 
not always those with the smallest volume, that is, a decrease in 
volume has not always been accompanied by a: decrease in con-
centration. Apparently the situation becomes different if an 
excessive evacuation of semen from the genital organs is produced 
by artificial means, such as prolonged electrical stimulations. For 
after such stimulation Gunn reports, "The resulting ejaculum tends 
to become mo·re and more watery and clear, and its contents of 
spermatozoa becomes gradually reduced till finally they are absent . 
This change from an ej-aculum consisting of dense suspension of 
spermatozoa is sometimes abrupt; sometimes it is gradual ... With 
continued stimulation of this nature the fluid ejaculum may be 
collecteci almost indefinitely." He assumed that this watery fluid 
was the secretion of the prostate gland after hypogastric stimula-
tion, as was stated by Marshall (1922). Gunn was of the opinion 
that the great bulk of normal semen is composed of accessory 
secretions, for the volume of the semen after the unilateral vassec-
tomy was little less than it was before operative interference. 
According to Marshall (1922) the secretions collected from a fistula 
in the vas deferens were only one-tenth of the volume of the total 
amount emitted through fistula plus penis. The fluid of the fistula 
fraction came from the testis, the epididymis and the vas deferens. 
In our experiments, the slight decrease in volume of semen in 
successive services suggests that a large part of the liquid comes 
from the testis or epididymis. The semen collected from all Shrop-
shires during June, July, and August, from Shropshire rams 7 and 
. 9 during most of the year, and from Hampshire ram 747 in June 
was of a normal volume but of low concentration. The prevalence 
of this condition indicated that during the off-season the accessory 
organs continued to secrete liquid material, even though spenna-
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tozoa were produced in smaller quantities, resulting in ejaculations 
of a thin liquid. If the ejaculates collected from the Shropshires 
during June, July, August, and September and all those from the 
abnormal Shropshire rams 7 and !) be omitted, most ejaculates that 
showed a sharp reduction in total number of spermatozoa and in 
concentration were of small volume. Thus exhaustion of spenna-
tozoa appeared to be accompanied by depletion of the fluids of the 
accessories. 
TABLE 8.-PRoTocoL oF SEMEN CoLLECTION FOR SHROPSHIRE RAM 10" 
Period Ia fh 2a 2b 3a 3b 
Sperm Total Sperm Total Sperm Total Sperm Total Sperm Total Sperm Total" 
per No. per No. per No. per No. per No. per No. 
S(!men mm3 sperm Semen mm' sperm Semen mm' sperm Semen mm3 sperm Semen mm' sperm Semen mm' apern 
val. (mil- (mil- val. (mil- (mil- val. (mil- (mil- val. (mil- (mil- val. (mil- (mil- vol. (mil- (mil-
Test (cc) lions lions) (cc) lions) lions) (cc) lions) lions) (cc) lions) lions) (cc) lions) lions) (cc) lions) lions) 
-- --
-- -- -- -- --
-- -- -- -
- -- -- -- -- -] an ... _____________ . __ 1.0 2. 7 2710 
----- ----- -----
.4 3. 7 1400 
----- ----- -----
.6 3.1 1848 
--
-Feb. _________ ... ______ 
. 3 1.9 569 1.0 3.3 3390 .6 4.9 2769 
----- ----- -----
.4 4.5 1836 .4 3.1 1228 
----- ----- ----- -----
----- -----
. 2 5.7 1148 
----- ----- --- -- -----
----- ----
March ___________ -----
----- ----- ----- --- -- -----
............... 1.0 4 . 2 4200 
------ ----- -----
.I 1.6 160 
ApriL _________ . _____ 
.4 3.9 1592 . 3 3. 8 1148 .8 5.8 4624 -- -- ...... 
----- -----
.6 2. 3 1428 
----- ----- --- --
-----
.............. 
-----
.8 3.7 29H 
----- ----- ----- --- -- ----- ----
May __ ________________ 
. 7 .9 630 . 7 2.0 1224 .6 1.7 1020 .8 2.8 2264 .2 .6 132 .6 1.0 600 ~ 
.7 1.4 1008 ---~6- Tii- iiiiiii- --x -iT i26ii' --T -3T iioo- --.-~- --.'9' -36o- ----- ............. ----- t!l June ....... - --- - ______ 1.0 2.8 2800 ----- ----- ----- "' 
. 8 3.7 2990 
t!l
----- ----- ----- -----
----- ----- ----- ----- ----- -----
----- ----- ----- ----- ----- > 
July _________ ----- .. _. 1.0 2.8 2800 l.ol 1.1 1510 .8 .9 720 .8 .4 320 A 1.0 400 .5 1.7 850 ~ 
1.2 2.1 2530 
----- ----- ----- ----- -----
----- ----- ----- ----- ----- ----- -----
----- ----- -----
(") 
August •....... ____ ---- .4 2.4 970 .6 1.6 960 .4 .9 360 .4 .6 240 
:z: 
----- ----- ------
----- ----- -----
.4 2.4 970 
----- ----- -----
.6 1.1 660 
----- ----- -----
. 4 . 5 200 
----- ----- ----- tlj 
.2 1.-l 280 
----- ----- ----- --
--- ----- ----- ----- ----- -
----
.4 .5 200 
----- ----- ----- c: 
.8 2.0 1600 
----- ----- -----
----- ----- ----- ----- ----- ----- -----
----- ----- -----
----- ----- r 
Aug.-Sept ........ _. ____ 1.2 .7 840 1.1 .5 550 .8 .3 240 .6 . 3 180 .4 .7 280 ---·- ----- ----- r 
1.1 . 5 550 
----- ----- -
----
.9 .6 540 
----- ----- -----
. 7 1.2 840 
----- ----- -- ---
t!l 
.6 . 7 420 .6 .4 240 
>-! 
----- ----- -----
----- ----- ----- ----- ---
-- ----- ----- ----- -----
..... 
Sept.-Oct ...... __ -----. .9 2.3 2070 1.0 2.3 2300 1.1 2. 5 2760 .9 .9 810 l.O 1.4 1403 1.0 .7 700 z 
1.2 2.6 3084 ............ 
----- -----
. 8 3 .I 2488 
----- ----- ----- ----- ---
-- ----- ----- ----- -
---- IV 
Oct .. __________ •. -- •. --
'iT Ti- 3586- ----- ----- ----- 1.3 
3 .9 5174 .6 3.8 2274 1.0 2.3 2300 
----- ----- -----
0\ 
----- ----- -----
.6 3.8 2274 
----- ----- -----
1.0 4.4 4420 c.r. 
1.2 3.5 4188 
1:0 2.6 2600 
Nov. ________ .. _________ 
.8 3.1 2480 . 9 2.6 2349 .8 3.5 2800 .8 3. 3 2696 . 7 3 .0 2100 
.8 2.8 2256 .8 3.5 286{ .9 {.5 4050 ----- ----- ----- .6 3.2 1920 
.8 3.0 2448 
----- -----
----- ----- ----- ----- ----- ----- ----- -----
----- ----
Dec~mber ___ _____ _ - --- .6 2.5 1500 1.0 3.0 3040 .6 3. 5 2100 ----- -... --- ----- .6 3.1 1860 
.4 3.5 1424 
----- ----- -
----
... 1 2.4 240 
----- ----- -----
.6 2.5 1500 
] an. '36 ..... . __ .. ___ .. .6 3.9 2340 . 5 4.0 2000 .4 3.4 1360 .4 3.6 1HO . 3 3. I 930 . 2 2.9 580 
.5 ol. 3 2160 
----- ----- -----
. 5 4.0 2000 
.4 3.8 1520 
----- ----- ----- -----
----- ----
Feb. '36 _________ . ___ .. 1.0 1.9 1900 .6 2.6 1560 .6 3.4 2020. 
.8 1.5 1200 
----- ----- -
----
.8 3.1 2480 
*The symbol "1 au is placed above samples of semen collected during the first half of the first ten-minute period of a test-period ; "l b,, above those collected during 
c.r. 
<..> 
the aecond half of the first period; ''2 a", above those collected during the first half of the 5econd period, fifty minutes after the first, etc. **Represents a copulation follow-
ing which no semen could be obtained. 
tn 
TABLE 9.-PRoTocoL OF SEMEN CoLLECTION FOR SHROPSHIRE RAM 1• ~ 
Period 1a 1b 2a 2b 3a 3b 
Sperm Total Sperm Total Sperm Total Sperm Total Sperm Total Sperm Total 
per ~- per No. per No. per No. per No. per No. 
Semen mm' sperm Semen mm' tperm Semen mm' aperm Semen mm' aperm Semen mm' aperrn Semen mm' aperm ~ 
vol. (mil- (mil- vol. (mil- (mil- vol. (mil- (mil- vol. (mil- (mil- vol. (mil- (lnil- vol. (mil- (mil- ;;:::.. 
Test (cc) hone) lions) (cc) lions) liono) (cc) lions) lions) (cc) liono) lions) (cc) lions) liono) (cc) liont) lioni) ;;: 
--- --- --- ---
--- --- --- ---
--- --- --- ---
--- --- --- ---
--- --- 0 
Jan... ...... . ......... ----- - --- - ----- --·-- ----- ·---- .4 1.4 560 .5 2.0 1000 ----- .••• • ••.•. .8 2.2 1760 0 c: 
Feb............. . ..... •.•. • •••.. ----- ----- ----- ----- 1.0 2.6 2600 .9 2.9 2610 . 8 3.2 2560 ••••• ••••. •• • •• !: 
March................ ----- ----- ••••• ••••• ----- ----- ••••. ••••• ••••• ··--- ----- - ---- ----- •••.• ----- 1.0 3.0 3000 > 
Apri'------·---------- 1.0 3.3 3300 ••••• --- - - ••••• 1.0 2.5 2500 . 8 2. 3 18~ .8 1.0 800 .7 1.0 700 ~ 
.9 2.4 2110 _____ _____ _____ _____ _____ ____ _ _____ _____ _____ _____ _____ _____ _____ ---·- - ---- r; 
MaY-- ----- -- -- ------- .9 1.9 1710 1.0 1.4 HOO .9 2.1 1890 .6 .9 HO -·--- ----- ----- ----- • •••• ••••• ~ 
June ..•.•••.••••••••• . 9 4.3 3942 .5 4.0 2000 .5 3.1 1550 .7 3.2 2240 ++ ----- ----- ++ ..•.. ----- ~ 
July__________________ .S 2.0 1000 .S 2.0 1000 .6 2.2 1320 .S 2.0 1000 .8 3.0 2400 .5 2.4 1200 !: 
.5 2.0 1000 ----- ----- ----- ----- ----- --- -· ••••• ···-· ····- ---·- ····- ----- - ---- ••••• ----- t"' 
Au«·------- - -- - ------- .7 .7 490 •••••••••••••••. 6 .8 480 .5 .9 450 .7 .6 420 ••••••••••••••• ~ 
Aug.-Sept.. ........... .4 1.1 UO .4 1.2 480 .6 1.3 780 .3 .9 270 .2 .4 80 ••••• ••••• ••••• ~ 
"' Sept.-Oct.______ ____ ___ .2 .08 16 .8 2.1 1680 .8 2.2 1760 ----- - ---- ••••• .8 2.2 1760 .6 2.2 ll20 ;;: 
1.2 2.5 3000 ----- ----- ----- .8 2.2 1760 ··--- ----- ·---- ---·- ----- ----- ·-·-- ••••• ·--~- ... t"ll 
Oct·-··--------------- .4 2.5 1000 . 8 2.3 1840 .9 2.0 .1800 .7 2.0 HOO .8 2.1 1680 ••••• ••••• ••••• Z 
. 8 3.8 3040 - - --- ----- ••••• .8 2.8 1600 ····- ····- --·-- .6 .9 540 ----- ----- ----- ..; 
Nov................... .9 4.1 3690 1.0 2. 3 2300 .8 4.0 3200 .9 2. 7 2430 .2 2.5 500 .05 2.0 100 ;r 
1.0 3.4 3400 ----- ----- ----- ----- ----- - - -- - ----- ----- ----- ----- ----- ----- ----- --·-- ••••• > 
..; 
Dec._________ __ _______ 1.0 5.3 5300 .6 3. 2 1920 . 7 4.0 2800 . 2 4.1 820 .1 3.0 300 .2 1.7 HO 0 
.1 3 .4 340 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- - - --- - ---- -·-·· z 
Jan. '36............... .8 3.8 3112 .6 4 . 4 2640 .6 4. 1 2460 ••••• ----- .•••• .6 2.0 1200 
.6 4.0 2400 
Feb. '36............... .•••• •.•.• --- -- .8 3.8 3040 .8 3.6 2880 .4 2.6 1040 
*For explanation of symbol• oee Table 8. 
TABLE 10.-PRoTocoL OF SEMEN CoLLECTION FOR SHROPSHIRE RAM 12• 
Period Ia 1b 2a 2b 3a Jb 
Sperm Total Sperm Total Sperm Total Sperm Total Sperm Total Sperm Total 
per No. per No. per No. per No. per No. per No. 
Semen mm' &~erm Semen mm' sperm Semen mm' aperm Semen mm' •r.erm Semen mm' aperm Semen mm' aperm 
vol. (mil- mil- vol. (mil- (mil- vol. (mil- (mil- vol. (mil- mil- · vol. (mil- (mil- vol. (mil- (mil-
Teat (cc) lion a) liona) (cc) liona) liona) (cc) liona) liona) (cc) hona) liona) (cc) liona) liona) (cc) liona) liona) 
-- -- -- -- --
-- -- -- - - -- -- -- -- -- --
-
Jan---- - ---- - -------- .4 3.0 1200 ----- ----- ----- . 3 3 .0 900 
Feb. _________ ---------
----- ----- -----
. 4 3 . 1 1240 • 3 3. 2 975 
March •••••••••••••••• 1.0 1.8 1800 1.0 1.5 1500 .9 1.8 1620 ----- ----- ----- .7 2. 1 1HO ---- - ---- - --- -- ~ 
ApriL- · -- ••• ··------- 1.0 3. 2 3200 -- --- --- -- ----- . 5 1.8 900 ----- ---- - ----- ----- ----- ---- - ----- ----- ----- tl:l 1.0 2. 8 2800 
----- ----- ----- ----- ----- -----
----- ----- ----- ----- ----- ----- -----
----- -----
Q) 
tl:l 
May ____ ---- - _____ ---- .3 .03 9 .7 . 8 560 . 6 1.1 660 .6 1.1 660 . 5 2. 0 1000 . 6 1.8 1080 > 
"' 1 une __ --- _---.- ------- .8 •. o 3200 . 6 2.8 1680 .8 2. 7 2190 ----- ----- ----- . 8 2.0 
(") 
1600 
----- --- -- -----
II: 
1 uly- ---.- . - •• ----- - - - .5 2.0 1000 ++ ----- ----- . 3 1.3 390 ++ -- --- ----- .6 3.4 20f0 ----- -- --- ----- 1::1::' 
.8 2 .4 1900 
-- - -- ----- ----- ----- ----- -----
----- ----- ----- ----- ----- ----- ----- -- ---
-----
c: 
t"' 
Aug. ______ • __ .--- - --- - . 6 .1 60 .1 .04 4 .2 .05 10 ----- --- -- ----- ----- ----- ----- . 2 .05 10 t"' 
.6 .07 42 
----- --- -- --- -- ----
- ----- --- -- ----- -----
............ ... 
-- --- ----- -----
----- ----- ---- -
tl:l 
:j 
Aur.-Sep<·---- - --- ---- _ .9 1.1 990 ----- ----- ---- - . 7 1.0 700 ----- ----- ----- . 8 .5 400 --- -- -- --- ----- z 
. 8 1.4 1120 
----- ----- ---- -
. 7 .5 350 
----- ----- ----- ----- ----- --- --
----- ----- ----- t-) 
Sept.-Oct. -------c---- .8 1.5 1200 . 7 1. 1 770 ----- ----- --- -- .5 1.4 700 .5 1.4 700 
0\ 
-- --- ----- -----
Vl 
.8 1.5 1200 
----- -- --- -- --- - - --- -----
----- ----- ----- ----- --- -- --- -- ----
Oct. -- - -- - --- - -------- . 8 1.7 1360 .6 1.5 900 .4 2. 2 880 ----- ----- ----- . 5 1.4 700 
. 7 1.7 1200 
-----
--.-- -
-----
. 5 1.5 750 
Nov.--------- - ------- 1.0 2 . 7 2700 . 7 2 . 7 1900 .6 1.9 1182 . 5 1.8 900 .4 1.8 720 .4 1.7 680 
Dec. - -- - ---- - --- - - - -- .8 5. 2 4160 . 6 2. 9 1740 ++ -- --- --- -- ++ ----- ---- - .5 2 .9 1450 
Jan. '36 _____ _____ _____ 
.8 2.9 2320 ++ 
----- --- --
. 3 2.3 690 . 4 2 .6 10f0 . 4 4.4 1760 
.6 1.5 900 
Feb. '36 ______ ____ _____ 
. 7 3 .4 2380 
----- ----- -----
.5 3.0 1500 
.6 3.0 1800 
*For explanation of oymbola aee Table 8. Vl \J1 
l.n 
0\ 
TABLE H.-PRoTocoL oF SEMEN CoLLECTION FOR SHROPSHIRE RAM 7• 
Period Ia lb 2a 2b 3a 3b 
Sperm Total Sperm Total Sperm Total Sperm Total Sperm Total Sperm Total s= per No. per No. per No. per No. per No. per No. ..... Semen mm' sperm Semen mm' aperm Semen mm' sperm Semen mm' sperm Semen mm' sperm Semen mm1 •r.er"m rn fiJ vol. (mil- (mil- vol. (mil- (mil- vol. (mil- (mil- vol. (mil- (mil- vol. (mil- (mil- vol. (mil- mil- 0 Test (cc) lions) lions) (cc) liono) lions) (cc) liono) liono) (cc) lions) lions) (cc) lions) liono) (cc) lions liono) c 
-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- :>:1 Jan. ------------------ .5 1.6 800 .6 1.3 780 . 4 1.3 520 .5 .7 350 ..... 
----- ----- ----- ----- ----- -----
Feb.----------------- .1 1.3 130 .2 l.S 300 > ----- ----- ----- -- --- ----- ----- ----- ----- ----- ----- ----- ----- C) 
. 1 l.l 110 
--T "IT -39ii- ----- ----- ----- --T Tii- -3iiii- - - ~2- -iT -iiii- ----- ----- ----· :>:1 March _____ • __________ .4 1.2 480 
-- --- ----- -----
----- - --.-- -----
..... (") 
ApriL_ •• --- - --.------ .4 2.9 1160 . 2 1.1 220 . 3 1.2 360 .1 .9 90 c 
----- ----- ----- ----- ----- ----- t"' 
May------_------ •• --- .2 .6 120 . 2 .5 100 . l .4 40 .I . 2 20 >-! 
----- ----- -----
----- ----- ----- c 
June _________ - - ------- .9 1.7 1530 
----- ----- -----
.6 1.1 660 
----- ----- -----
.6 . 3 180 
----- ----- -----
:>:1 
> t"' July __________________ 
.4 1.9 760 .5 2.4 1200 . 3 1.5 450 
----- ----- -----
.6 1.3 780 
----- ----- ----- trl 
Aug. ----------------- .6 1.2 720 
----- ----- -----
. 8 1.5 1200 
----- ----- -----
. 4 1.0 400 
----- ----- -----
~ 
., 
Aug.-Sept. ------------ .~ 1.2 4,80 .5 1.3 650 . s .5 250 . 3 . 2 60 tr1 
----- ----- ----- ----- ----- ----- :>:1 
... Sept.-Oct.--- ---------- .4 1.0 400 . 6 1.7 1020 .5 . l 50 
----- ----- -----
. 2 .I 20 
----- ----- -----
~ 
tr1 Oct. ------------------ . 4 1.9 760 
----- ----- -----
.4 1.5 600 
----- ----- ----- ----- ----- ----- ----- ----- -----
z 
>-! Nov.----------------- . 8 . I 80 
----- ----- -----
.6 .I 60 
----- ----- -----
1.2 .1 120 
----- ----- ----- en 
Dec.----------------- .2 .8 160 .2 .8 160 . 2 .9 180 
----- ----- -----
. 2 . 8 160 .2 1.5 300 ~ 
!.3 390 - - . 3 1.0 300 .2 1.2 240 >-! Jan. '36 _________ ------ . 3 --- ----- ----- ----- ----- ----- ----- ----- ----- ..... 0 Feb. '36 _______ ----- ___ • 3 2.7 810 
----- ----- -----
.9 i.B 2520 z 
*For explanation of symbols see Table 8. 
TABLE 12.-PRoTocoL oF SEMEN CoLLECTION FOR SHROPSHIRE RAM 9* 
Period Ia .lb 2a 2b 3a 3b 
Sperm Total Sperm Total Sperm Total Sperm Total Sperm Total Sperm Total 
per No. per No. per No. per No. per No. per No. 
Semen mm' sperm Semen mm• sperm Semen mm• sperm Semen mm' _ sperm Semen mm' sperm Semen mm' sper.m 
vol. (mil- (mil- vol. (mil- (mil- vol. (mil- (mil- vol. (mil- (mil- vol. (mil- (mil- vol. (mil- (mil-
Teat (cc) lions) lions) (cc) lions) lions) (cc) liono) lions) (cc) lions) lions) (cc) lions) lions) (cc) lions) liona) 
-- -- -- -- -- -- -- -- -- -- -- --
Jan.--------------- - - .. .. ....... ----- ----- ----- ----- ----- ----- ----- ----- 1.4 2 .6 3640 
Feb.------- - - - -------
----- ----- ----- ----- --- -- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
........... 
~ 
t21 
Mar.------------- -- -- "' ----- ----- ----- ----- --- -- ----- ----- ----- ----- ----- ----- ----- ----- -- --- ----- ----- ----- ----- ttl 
> 
Apr. ------------ -----
----- ----- ----- ----- ----- ----- --- -- ----- -----
........... 
----- ----- ----- ----- --- -- --- -- ----- -----
ll'l (") 
May •• - - ----- - ------. ----- ----- ----- .7 !A 980 ----- ----- ----- ----- ----- -- --- ----- ----- ............ ----- -- --- ----- :I: 
June •.•••••.•••••••.• 1.0 . 8 860 
----- ----- ---- -
1.0 1.0 1000 
----- ----- -----
.3 .8 240 
----- ----- -----
tl:j 
c:: 
July ••••••••••••.•• ••• 
----- -----
. 5 1.2 600 
----- ----- -----
. 8 2.1 1680 
----- ----- -----
t"' 
----- ----- ----- ----- t"' 
.6 1.2 720 .6 1.1 660 .2 .8 160 tt1 Aug .•••.••. • ••.••••.. 
----- ----- ----- -----
......... --
----- ----- ----- -----
>-j 
Aug.-Sept.-----·------ . 1 .07 70 . 8 .02 16 . 2 .01 2 ----- ----- ----- . 2 .4 80 ----- ----- ----- z 
.6 1.2 720 1.0 l.i 1400 .2 . 8 160 .5 1.1 550 N Sept.-Oct .•••••••••••. 
----- ----- -----
........ --
----- ----- 0\ 
'-" 
Oct .••••.••.••• • •••• • . 8 .. 320 
----- ---- - -----
. 6 . 3 180 
----- ----- -----
.9 . 4 360 
Nov ..••••••••••.••••• . 2 2.9 580 . 8 2.5 2000 . 4 2.0 800 
Dec.----------------- .i 3. 1 1240 . 3 2.0 600 .2 1.8 360 
A 1.9 760 
Jan. ' 36 ••.•••••••••••• • 3 2.2 660 .4 2 . 1 840 . 3 1.3 390 ----- ----- ----- . 4 1.5 600 
Feb. '36 • • •••••••••••• 1.0 1.2 1200 
----· ----- -----
1.0 1.1 1100 
*For explanation of symbols see Table 8. 
'-" 
'-l 
c.n 
00 
TABLE 13.-PRoTocoL oF SEMEN CoLLECTION FOR SHROPSHIRE RAM 11" 
Period Ia 1b 2a 2b 3a 3b 
Sperm Total Sperm Total Sperm Total Sperm Total Sperm Total Sperm Total ~ per No. per No. per No. per No. per No. per No. rn 
Semen mm' sperm Semen mm' sperm Semen mm' sperm Semen mm' aperm Semen mm' sperm Semen mm• eperm rn 
vol. (mil- (mil- vol. (mil- ~mil- vol. (mil- (mil- vol. (mil- (mil- vol. (mil- (mile vol. (mil- (mil- 0 
Teat (cc) lions) lions) (cc) lions) bona) (cc) lions) lions) (cc) liont) liont) (cc) liont) liona) {cc) liona) liont) c:: I" 
-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ..... 
Jan.- -- - - - -- - - - --- - -- .6 1.6 960 
--- -- ----- -----
. 5 2. 2 llOO 
----- --- -- -----
. 6 4 . 3 2580 
----- ----- --- -- > Feb. - --------- - ---- -- 1.0 3.4 HOO 
----- ----- ---·--
.9 5 . 6 5040 
----- ----- --- --
. 3 2.8 840 
----- ----- --- -·-
C'l 
I" 
March _______ ____ -- - --- 1.0 2.6 2600 ..... 
--- -- --- -- ----- ----- ----- ----- ----- -----
.. .. ....... 
----- ----- ----- ---- - ------ --- --
() 
Apr. - ---- - ----------- 1.0 2. 3 2300 . 6 2. 4 1440 . 6 2.0 1200 
c:: 
----- ----- ----- ----- ----- ----- ----- ----- -----
t"' 
.., ' 
May __ __ ____ - - -- - - ___ 
.8 2.6 2080 
-- --- ----- -----
.8 2.6 2080 
----- ----- -----
. 5 2.0 1000 
----- ----- - -----
c:: 
June __ _ -- -- -- ______ __ 
.6 3. 1 1860 
--- -- ----- ----- ** ----- -----
........ ... 
** ----- .. .. .. --
.... .. .... 
~ 
t"' 
July - - - ----- - - - - - ----
--- -- --- -- -----
. 8 .8 640 .6 1.0 600 
--- --
... .. .. ..... .. ....... .. . 7 .8 560 
-----
........... 
----- tr:t 
Aug.- -- -- - ---- - ------ .9 . 6 540 .5 .9 450 .2 .25 50 .7 .2 HO >< 
--- -- -- --- ----- ----- ----- -----
., 
Aug.-Sept. --- - -------- 880 .9 HO . 2 .5 150 ttl . 8 1.1 .5 .3 60 
----- ----- -- ---
. 3 
----- ----- --- --
I" 
..... 
Sept.-Oct. ______ ___ ___ 
.9 2.0 1800 1.1 3.6 3960 .9 2. 8 2520 ... ...... ... .. 
----- -----
. 8 1.9 1520 
----- -·--- - ~- -- ~ ttl 
Oct.- - ------- -- ------ .7 2. 2 1540 
----- ----- -----
.6 2.1 1260 
----- --- -- -----
.9 2.0 1800 
----- ----- -----
z 
.., 
Nov.- --- - -- -- ---- -- -- . 6 2. 5 1500 .4 2. 6 1040 .7 2.6 1820 .4 2. 2 880 .9 1.4 1260 
----- ----- -- --- Cll 
Dec. --- --- ----------- 1.3 1.6 2080 
--- -- ----- -----
1.0 3. 2 3200 
----- ----- -----
1.0 2.4 uoo 
----- ----- -----
~ 
1.2 2.5 3000 
----- --- -- -----
1.4 3. 0 4200 
--- -- ----- ----- ----- ----- ---- - ----- ----- -----
.., 
.... 
Jan. ' 36 _____ _______ __ _ 
.1 2. 7 270 .6 2. 7 1620 0 
----- ----- ----- ----- ----- --- -- ----- ----- ----- ----- ----- ----- z 
. 4 2. 8 1120 
Feb. '36- - -------- -- -- .6 3. 3 1980 .8 3.2 2560 • 5 2.2 1100 
*For explanation of symbols, see Table 8. 
TABLE 14.-PROTOCOL OF SEMEN CoLLECTION FOR SHROPSHIRE RAM o• 
Period 1a 1b 2a 2b Ja 3b 
Sperm Total Sperm Total Sperm Total Sperm Total Sperm Total Sperm Total 
per No. per No. per No. per No. per No. per No. 
Semen mm3 sperm s·em.en mm' sperm Semen mm• sperm Semen mm• sperm Semen mm' sperm Semen mm' •term 
vol. (mil- (mil- vol. (mil- (mil- vol. (mil- (mil- vol. (mil- (mil- vol. (mil- (mil- vol. (mil- mil-
Teat (cc) lions) lions) (cc) lions) lions) (cc) lions) lions) (cc) liona) lions) (cc) lions) lions) (cc) lions) tiona) 
-- -- -
- -- -- -- -- -- --
-- -- -- -- -- -- -- --
Jan.------ - ---------- . 4 2.5 iooo .4 3. 3 1320 .4 2.3 920 ----- ----- ----- . s 1.8 900 ----- -----
Feb,·-···-·-··--··· · · 
Mar.··--------------- "' ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -·--- ----- Ill 
"' ~pr. ----------------- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- Ill > 
May_ •. _------------ -
----- ----- ----- -----
----- ----- ----- -----
-~--- .4 2.9 1160 1.0 1.4 1400 ----- ----- .. .... ..... l"' (') 
June._.------------ •• .6 2.8 1680 .7 2.2 1540 .7 2.1 1470 
::: 
----- ----- ----- -----
............ 
----- ----- ----- -----
July _________ •• _______ 
.4 2.0 800 .6 u 840 .2 1.6 320 . 2 2.2 HO .2 1.9 380 
0;) 
----- ----- ----- c= 
Aug.----------------- .2 .2 40 .2 .s 100 •• .1 40 
.OS 1.2 60 !:" 
-----
----- ----- ----- ----- -----
t"' 
Ill 
Aug.-Sept.------------ .4 . 06 24 
----- ----- -----
.5 . 1 so .8 . 04 32 .3 .02 6 .6 .09 54 >-! 
Sept.-Oct.------------ 1.0 3 . 2 3200 . 7 3. 2 2UO .6 2 . 1 1260 .9 2 .6 2HO .5 2. 7 1350 
z 
----- ----- -----
.8 3.2 2560 
----- ·---- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
tv 
a-. 
Oct.------- - ------- - - .5 1.8 900 --- -- ----- ----- .8 1.3 1040 ----- ----- ----- . 6 2. 1 1260 
tn 
. 8 1.3 1040 
----- ----- -----
.s 1.6 800 
.8 2.5 2000 
Nov.----------------- .6 2 . 2 1320 ----- ----- ----- .6 1.3 780 .6 2.0 1200 .5 2.6 1240 
.7 3.2 2240 
Dec.-----------------
----- -----
----- ----- ---- - -----
.6 3. 5 2100 
----- ----- -----
. 5 2.0 1000 
Jan. '36 _____ • _________ 
.8 3.8 3040 .4 3. 3 1320 . 5 3.6 1800 
----- ----- -----
. 3 2 . 1 630 
Feb. '36 .•.• --- ------- .9 2.7 U30 . 3 2 . 2 660 .3 2 . 2 660 
*For explanation of symbols see Table 8. 
tn 
\0 
~ 
TABLE 15.-PRoTocoL oF SEMEN CoLLEcnoN FoR SHRoPsHIRE RAM z• 
P~rio.d 1a 1b 2a 2b 3a 3b 
Sperm Total Sperm Total Sperm Total Sperm Total Sperm Total Sperm Total ~ 
per No. per No. per No. per No. per No. per No. ;;:; 
Semen mm3 sperm Semen mm' sperm Semen mm 3 &perm Semen mm' sperm Semen mm' sperm Semen mm' sperm 
"' val. (mil- (mil- val. (mil- (mil- val. (mil- (mil- vol. (mil- (mil- vol. (mil- (mil- vOJ. (mil- (mil- 0 
Test (cc) lions) lions) (cc) lions) lions) (cc) lions) lions) (cc) lions) lions) (cc) lions) lions) (cc) lions) lions) c:: 
-- -- -- -- -- --
-- -- --
-- -- -- -- --
-- -- -- E 
Jan.------------------ .8 1.2 960 ----- ----- ----- .8 1.3 1040 ----- ----- ----- ----- ----- ----- ----- ----- -----
Feb.---- --- -------- - - ----- ----- -----
__ .. __ 
----- ----- -
---- -----
_ .. ___ 
----- ---- - ----- ----- -
---- ----- ----- ----- -----
>-C) 
Mar. ----------------- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
E 
() 
Apr.----------------- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
c:: 
t"' 
May __ ____ ____________ . 5 1.8 940 .4 1.3 520 ** ** 
..., 
----- ----- -----
----- ----- -----
----- ----- -----
-- -- - c:: 
June ___ ___ ____________ 
.9 2.9 2610 .6 1.1 660 .8 .9 720 .8 . 8 640 
::00 
----- ----- -
----
---- - -----
___ .,_ 
> 
t"' 
July __________________ 
. 7 2 .0 1400 .8 1.1 880 .4 2.6 1040 ----- ----- ----- . 4 2.0 800 .4 2.0 800 M 
Aug.---- - - - -- - ------- 1.1 .4 440 .05 . 7 35 .7 . 2 140 .4 .1 40 .6 . 3 180 ----- -- -- - ----- ~ .., 
Aug.-Sept.- ----------- .9 . 1 90 1.0 .2 200 ----- ----- ----- .8 . 3 240 --·-- ----- ---- - ----- ----- -----
t'l 
::00 
.2 . 3 60 
----- ----- -----
----- ----- -----
.9 .4 360 
----- --
-- - ----- ----- -----
-.---- ~ 
Sept.-Oct.------------- . 5 1.6 800 1.0 1.9 1900 .8 .7 1360 .9 1.1 990 .8 1.2 960 ----- ----- -- --- t'l 
1.0 1.6 1600 
----- ----- -----
.6 1.6 960 
----- ------ ----- -----
---- - ----- ----- -- --- z 
390 1.8 720 
..., 
Oct. ----- - -------·---- .2 1.7 340 ----- ----- ----- . 2 1.5 300 . 3 1.3 .4 ----- ----- ----- en 
Nov.---------------- - .8 2.5 2000 ----- ----- ----- . 8 2. 3 1840 . 5 3.0 1500 .8 2 . 3 1840 . 4 1.0 4
00 ~ 
Dec.----------- - ----- .8 2. 5 2000 .7 3. 3 2310 1.0 3.0 3000 .4 3.0 1200 
..., 
----- ----- -----
--- -- ----- ----- 0 
Jan. '36 _______________ 
. 5 3.0 1500 
----- ----- --- --
.4 3.0 1200 
----- ----- ---
--
.4 3.0 1200 . 3 3.4 1020 z 
Feb. '36 _______________ 
----- --- -- ----- -----
----- -- ---
1.0 2. 7 2700 
*For explanation of symbols see Tabl~ 8. 
TABLE 16.-PROTOCOL OF SEMEN COLLECTION FOR HAMPSHIRE RAM 60" 
Period Ia lb 2a 2b 3a 3b 
Sperm Total Sperm Total Sperm Total Sperm Total Sperm Total Sperm Total per No. per No. per No. per No. per No. per No, Semen mm' sperm Semen mm3 sperm Semen mm' sperm Semen mm' sperm Seme n mm3 sperm Semen mm' sperm vol. (mil- (mil- val. (mil- (mil- vol. (mil- (mil- vol. (mil- (mil- vol. (mil- (mil- val. (mil- (mil-Test (cc) lions) lions) (cc) lions) lions) (cc) lions) lions) (cc) lions) lions) (cc) lions) lions) (cc) lions) lions) 
- -- -- --
-- - -
--
.6 3.0 1800 .5 3. 0 1500 
Feb.----------------- .6 3 .I 1860 ---~ - ----- ----- ----- -- --- ----- . 5 3. 8 1900 .4 3.9 1560 
.7 2.8 1960 
Mar.----------------- .9 2.8 2520 
----- ----- -----
1.0 2. 7 2700 
----- ----- -----
.9 3.4 3060 
Apr.------------------- . 5 2.8 1400 1.0 3.-l 3400 .8 1.7 1360 1.0 2.0 2000 1.0 1.2 1200 . 7 . 72 508 
May ________ ._ ••• _ •• -. 1.1 2.7 2970 . 8 1.2 960 
. 8 2.1 1680 !;;::1 ----- ----- ----- ----- ----- ----- ----- ---- - -----
"' 
.9 2.6 2340 
----- ----- -----
1.1 2.9 3190 
----- ----- ----- ----- ----- ----- ---- - ----- --- -- ' tTl June ________ ••• __ •• ••• 
.9 3.0 2700 
----- ----- -----
.5 .72 360 . 5 .8 400 . 3 .90 2700 
----- ----- -----
> 
.8 3.1 2480 
"' 
----- ----- - ---- ----- ---- - ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- (') 
July __ __ .-· ______ ----_ 
.6 2. 3 1380 .6 3.0 1800 .7 2. 5 1750 . 2 .9 180 :X: -~- ~- - ~- ~ ~ -----
-----
... -~ ~-
-----
.6 3. 3 1980 
----- -- --- ----- ----- -- ~-- ----- ----- ----- ----- ----- ----- ----- --- -- --- -- ----- ~ 
Aug.-----------·----- . 4 4.1 1640 .6 2.9 1740 .6 2.4 1440 .6 1.7 1020 c::: 
----- ----- -----
----- ----- -~--- t" 
.8 3.6 2880 
----- ----- -----
---- ~ 
----- -----
--- ~-
----- ----- ~ ----- ----- --- ..... ----- ----- ----- t" 
t<1 Aug.-Sept.------------ .9 3.2 2880 .7 1.9 1330 .. 6 1.3 780 
----- -·--- -----
.8 2.6 2080 
----- ----- -----
>-! 
.8 2. 8 2240 
----- ----- -----
.2 .27 54 
----- ----- -----
.8 2.9 2320 
----- ----- ----- z 1.0 1.9 1900 
----- ----- -- -- - ----- ----- ----- --- ~- ----- ----- ----- ----- ----- ----- ----- ----- N Sept.-Oct .•••••• _. _ •• _ .8 3.4 2720 . 8 2.7 2160 .9 1.3 1170 .6 •. 3 2580 .8 1.1 880 1.0 1.5 1500 0\ l.l J.l 3410 1.1 2.6 2860 <.n 
--- -- ----- ----- ----- -- --- --- -- ---- - ----- ----- ----- -----
Oct.···--··--········ 1.2 1.9 2280 . 7 2.! 1680 .6 1.6 960 
----- --- -- -----
.6 1.0 600 .8 1.9 1520 
. 8 1.3 1040 
----- ----- -----
1.0 1.5 1500 
Nov.-------------·--- 1.0 4.7 4700 1.5 2. 7 4050 . 7 2.1 1472 . 8 2.1 1680 .8 2.1 1680 .8 2. 5 2000 1.5 3.1 4650 1.1 2.5 2750 1.0 2.2 2200 
Dec •••••.••••••••• -·- .9 5.0 4500 .6 3.6 2160 .6 4.1 2460 
----- --- ~- ----- . 3 2.2 660 1.0 4.0 4000 
---- ~ . 5 2.0 1000 
.5 2.2 1100 
Jan. '36 .•.• _ •• _______ • 
.8 1.4 ll20 .4 2 . 5 1000 . 5 2 . 4 1200 ... 2.4 960 . I 2.0 200 . 3 2.3 690 
. 5 2.4 1200 
Feb. '36 _______ •• -·--- •• 
.8 2.2 1760 .8 2.0 1600 .4 2. 3 920 .5 1.1 550 ........ ... 
----- ----- ----- ----- -- ~-- 0\ . s 2 . 1 1050 
----- ----- -----
............. 
----- -----
........... 
-·--- ----- ----- ---- .. ----- ----- ----- ·---- ...... 
*For explanation of symbols reo Table 8. 
TABLE 17.-PRoTocoL OF SEMEN CoLLECTION FOR HAMPSHIRE RAM 4811 0\ 
N 
-Period 1a 1b 2a 2b 3a 3b 
Sperm Total Sperm Total Sperm Total Sperm Total Sperm Total Sperm Total 
pi:r No. per No. per No. per No. per No. per No; 
Semen mm• sperm Semen mm• sperm Semen mm' sperm Semen mm• sperm Semen mm' sperm Semen mm• sperm 
vol. (mil- (mil- val. (mil- (mil- vol. (mil- (mil- vol. (mil- (mil- vol. (mil- (mil- vol. (mil- (mil- ~ Test (cc) lions lions) (cc) lions) lions) (cc) lions) lions) (cc) liona) lions) (cc) liona) lions) (cc) lions) lions) 
--
-- -- -- -- -- -- -- -- -- -- -- -- -- --
-- - - --
.... 
"' J an. -----------C------ ----- ----- ----- ----- ----- --- -- .4 1.7 680 ----- .. .. ...... ----- ----- ----- ----- ----- ----- ----- "' 0 
Feb.---- -- - ---------- . 3 4.6 1401 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
----- -----
c: 
"' Mar. --------------- - -
.... 
----- ----- ----- -----
........... 
----- ----- ... ---- ----- ----- -----
.......... 
----- ----- ----- ----- -----
........... 
Apr.--·------ ---- - ---
----- ----- ----- ----- -----
.......... 1.2 5.4 6540 
--- -- ----- -----
.8 3.6 2904 
----- ----- -----
> C'l 
J:l!f May ___________ -------
.8 4.8 3872 . 7 3.6 2520 .7 3. 2 2240 - - --- .... ----- ----- ----- ----- ----- ----- ----- ------- () 
June ___________ _______ 1.0 3.8 3800 1.0 3.5. 3500 1.4 3.4 4760 c: ••w•• •• w • • 
-----
.. .. ...... ............ .. ........ 
-----
.. ........ .. .......... l:; July _______ ---- __ ____ _ 
.8 4.0 3200 
----- ----- -----
1.0 3.2 3250 1.0 2.6 2600 .6 2.4 1400 
----- ----- -----
c: 
1.0 3. 0 3000 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
.. .. ........ ~ 
Aug. ------ -- - - -•---- - . 8 3 .0 2400 .8 2.1 1704 1.2 2.5 30.8 1.0 1.8 1800 t"' 
----- ----- ----- ----- ----- ---- -
.3 3.6 1080 
----- ----- ----- ----- ----- --- -- ----- ----- ----- ----- --- -- ----- ----- -----
.. ........... M 
Aug.-Sept.--------- - -- .8 •. o 3200 1.0 2.3 2300 1.2 2.1 2616 1.0 1.9 1900 1.0 2.5 2500 >< 
----- ----- ----· '11 lA 1.7 2408 
-----
........... ............ 
----- ----- ----- ----- -----
........... 
----- ----- ----- -----
....... ... ... 
----- tr1 
"' Sept.-Oct.----- ------ - 1.0 3.9 3900 . 8 2.3 1904 .9 . 3 270 ----- ----- ----- 1.2 . 7 740 1.0 1.9 1930 .... 
.9 2.7 2457 
----- ----- -----
1.0 2.0 2000 
----- ----- ----- ----- ----- -----
----- ----- -----
~ 
tr1 
Oct.---------- -- ----- ~ 1.0 2.2 2200 
----- ----- -----
1.1 1.4 1573 .8 1.5 1256 .8 1.6 1280 .7 1.5 1050 z 
.5 2.6 1340 
----- ----- -----
............. 
----- ----- -----
----- ----- ----- -----
--- .... 
>-l 
----- ----- -----
.9 2.0 1854 ........... 
-----
............ .. ...... ... 
...... --
----- ----- ----- -----
............. 
----- ----- ----- -----
.... ... ..... Cf.l 
Nov.--·---.----------- .8 2.9 2336 1.4 2.2 3192 1.0 1.9 1900 
----- ----- -----
1.0 2 .0 2000 1.0 2. 1 2100 ~ 1.2 3.4 4092 
----- ----- ----- -----
----- ----- ----- ----- ----- ----- -- ~ -- ----- ----- ----- ----- >-! 
.... 
Dec.---------- ------- .8 5.3 4288 .6 4.6 2808 .6 3.3 2116 .4 1.8 748 0 
----- ----- ----- ----- ----- ----- z 
.7 4 . 2 2940 
----- ----- ----- -----
........ _ 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----
) an. '36 __________ ----- 1.0 2.5 2500 
----- ----- -----
.2 3.5 700 
-----
............ 
-----
.4 3.6 1468 .4 3. 3 1320 
.5 3. 8 1930 
Feb. '36 _________ ----- _ 
----- --·--- ----- ----- ----- -----
1.0 2.4 2400 1.1 2.5 2838 
*For explanation of aymbols aee Table 8. 
TABLE 18.-PRoTocoL oF SEMEN CoLLECTION FOR HAMPSHIRE RAM 49• 
Period la lb 2a 2b 3a 3b 
Sperm Total Sperm Total Sperm Total Sperm Total Sperm Total Sperm Total per No. ~ ~ ~ ~ ~· ~ ~ ~ ~ ~ Semen ·mm1 sperm Semen mm• sperm Semen rom' sperm Semen mm' sperm Semen mm' •perm Semen mml sperm vol. (mil- (mil- vol. ~mil- (mil- vol. (mil- (mil- vol. (mil- (mil- vol. (mil- (mil- vol. (mil- (mil-Test (cc) lions lions) (cc) boos) lions) (cc) lions) Iiana) (cc) lions) lions) (cc) lions) lions} (cc) lions) lions) 
-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
-- --Jan,-----------------
----- ----- -----
.9 5.4 4860 .9 4.1 3690 
----- ----- ----- ----- ----- -----
.9 5.0 4500 
Feb.----------------- .2 2.8 560 
----- ----- -----
.2 2.3 460 
Mar.- ---------------- . 7 2.2 1540 
----- ----- -----
.9 2.8 2520 
----- ----- -----
1.0 4.2 4200 
----- ----- -----
:;Q 
"' 
Apr.----------------- .9 3 . 3 2970 
----- ----- -----
.9 4 . 0 3600 
----- ----- -----
1.0 3.6 3600 
----- ----- ----- "' 
"' 
May._- - ---- - --- _____ . 5 5. 3 2650 .6 2.6 1560 . 5 2.2 llOO 
.4 3.5 1400 > 
----- ----- -----
----- ----- -----
"' 
June __ - __ _____ ___ ----
.4 3.8 1520 1.0 2.6 2600 .8 2 . 7 2160 . 7 1540 
() 
----- --- -- -----
2. 2 
----- ----- ----- = July ______ __ ______ ----
.2 2.4 480 
----- ----- -----
.6 2.4 1440 
----- ----- -----
.I 1.9 190 
----- ----- -----
t;r:;l 
. 3 2.0 600 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- c: 
t"' Aug.-------·--·------ .I 4.3 430 .6 3. 3 1980 . 2 .5 100 
----- ----- -----
.2 .6 120 
----- ----- -----
t"' 
.9 5.0 4500 
"' 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- >-! Aug.-Sept. _____ ---- __ -
. 2 2.0 400 
----- ----- -----
. 2 1.2 240 
----- ----- -----
.8 2.3 1840 
----- ----- -----
z 
.2 1.5 300 
----- ----- -----
. 6 2.0 1200 
----- ----- ----- ----- ----- ----- -----
----- ----- ~ SepL-OcL ------------ .6 3.6 2160 .6 3.7 2220 .6 4.3 2580 
-----
____ .., 
-----
.8 4.1 3280 
----- ----- -----
0\ 
'-" 
OcL ··----------- - --- .6 2.2 1320 .6 1.8 1080 . 4 1.8 720 . 5 2.0 1000 . I 1.5 ISO 
. 5 2.9 1450 
----- --- .. -
----- ----- ----- ----- ----- ----- ----- ----- ----- ----
Nov.----------------- .2 3.6 720 .8 2.6 2080 . 5 2.2 1100 .6 3 .I 1920 .6 2.0 1200 .8 '!.2 960 
.5 2.9 H50 
Dec.----------------- .6 4.3 2580 .4 3.9 1560 .5 4.2 2100 
-- --- ----- -----
. 3 5.0 1500 
Jan. '36--------------- .6 4.5 2700 .8 4.3 3440 . 6 4.0 2400 .6 3.5 2100 . 2 3.5 700 
Feb. '36. --··--------- .7 2.3 1610 ----- ----- ----- .6 2.5 1500 
. 3 2. 7 810 
•For explanation of 1ymbolo oee Table 8. 
0\ 
<.H 
TABLE 19.-PRoTocoL oF SEMEN CoLLECTION FOR HAMPSHIRE RAM 74:7• ~ 
Pelt a-d 1a 1b 2a 2b 3a 3b 
Sperm Total Sperm Total Sperm Total Sperm Total Sperm Total Sperm Total 
. per No, per No. per Nc:>. per No. per No per No. s: Semen mml ~{term Semen mml •r.erm Semen mm• sperm Semen mm• •r.ern\ Semen mm• •r.erm Semen mm• aperm 
vol. ~mil- mil- vol. (mil- mil- vol, <mil- (mil- vol. (mil- mil- vol. (mil- mil- vol. {mil- (mil- ... fl) 
Teat (cc) bono) bona) (cc) bona) hoot) (cc) bona) lions) (cc) tiona) lions) (cc) lions) lione) (cc) hone) lions) fl) 
--- --- --- --- --- --- ---. --- --- --- --- --- --- --- --- --- --- --- 0 
Jan.------------------
----- -----
............... .................................. 
----- ----- --- -------
............. 
----- ----- ----- ----- ----- ----- ----- ----
-
c: 
lil' 
Feb.----------------- 1.0 3.0 3000 
.... 
-----
... ......... ... ......... ... ........... ... ........... ... .......... ... .......... 
---
................... 
----- -----
............ ... ......... ............. .............. 
Mar.----------------- 1.0 2.1 2100 ........... ... .......... ............ 1.0 3.1 3100 
-----
... ........... .......... ............. .. ........... 
----- -----
............ ............ ~ 
Apr.----------------- 1.0 2.1 2100 1.0 2.0 2000 
lil' 
............ 
-----
............ 
-----
.............. ... ......... 
-----
.. ......... ........... 
-----
............ .............. 
.... 
n 
May------- __ • ___ ---- _ .8 1.1 880 ............ 1.0 2.5 2500 ............... . 8 2.2 1760 ... ............ 
-----
........... 
c: 
.............. 
----- ----- ----- t'+ 
June~------- ••• _____ •• 1.2 3.8 4560 1.4 3. 3 ~20 .6 1.9 IHO 
..; 
-----
.............. ... ........... .. .......... ... ............ .. .......... .............. ..... ........ ............. c: 
July ____ -------------- .6 .s 312 ............. ............. 
-----
.2 .3 60 .8 .6 480 .1 . 4 .0 0.5 .1 s ~ 
t'+ 
Aug.----------------- .6 2.9 1UO 1.0 2.2 2200 1.1 2.0 2200 1.0 1.7 1700 .6 1.6 960 .............. ----- ----- t"r! 
.8 2.1 1680 .............. 
----- -----
............. 
-----
............. ... ............ 
----- ----- ----- ----- --
--- ----- -----
............... ~ 
Aug.-Sept.------------
-----
............. ........... .. .......... ............ 
-----
1.3 2.9 3770 1.2 2.8 3360 1.0 1.6 1600 .8 2.3 18.0 "Cj 
1.2 5.2 6UO l'l 
----- ----- -----
........... 
----- -----
............. 
-----
............. lil' 
.... 
Sept.-Oct. •••• ____ ••••• 1.0 3.5 3500 .6 3.5 2100 1.0 2.2 2200 1.0 1.1 1100 .8 .4 320 .4 .5 200 ~ 
.6 3.5 2100 
----- ----- -----
.9 1.8 1620 
----- -----
............ ............. ... ............ 
----- -----
............. 
-----
l'l 
2! 
Oct. ----------------- 1.0 2.0 2000 ............ ... .......... ----- .4 2.0 800 .4 2.0 800 ----- ............. ----- ••. 4 2.0 800 "'! 
Nov. --- --- --- -------- .8 4.1 3280 .s 3. 3 1650 .8 3.7 2960 .6 2.7 1620 .2 2.6 520 . 3 2.3 960 en 
.s 3.0 1500 .4 2.8 1120 .4 2.4 960 ........... ............. ... ........... ~ 
Dec.---------- ------- .7 4.9 H30 .5 3.8 1900 .4 3.1 12.0 
----- ----- -----
.2 3.0 600 .............. .............. 
-----
d 
. 5 2.7 1850 
----- ----- -----
. 5 3.9 1950 
-----
............. 
----- ----- ----- ----- -----
.............. 
-----
0 
z 
Jan. '36·-------------- .5 3.6 1800 
-·--- -----
............ .3 2.0 600 
----- -----
............ .5 3.1 1550 
. 4 2.6 10{0 
----- ----- -----
.3 1.9 570 
Feb. '36------·-------- .5 2.8 HOO .8 1.2 960 .2 3.0 600 . 3 3.9 1170 .2 2.1 {20 ------- ---
- ·~··---
*For explanation of symbol& &ee Table 8. 
TABLE 20.---PRoTocoL oF SEMEN CoLLECTioN FOR HAMPSHIRE RAM 749" 
Period 1a 1b 2a 2b 3a 3b 
Sperm Total Sperm Total Sperm Total Sperm Total Sperm Total Sperm Total 
per No. per No. per No. per No. per No. per No. 
Semen mm' sperm Semen mm' aperm Semen mm' sperm Semen mm' sperm Semen mm' sperm Semen mm' a~erm 
vol. (mil- (mil- vol. (mil- (mil- vol. (mil- (mil- vol. <mil- (mil- vol. (in it- (mil- vol. (mil- mil-
Teat (cc) lions) liono) (cc) lions) lions) (cc) lions) lions) (cc) bona) lions) (cc) lions) lions) (cc) liono) tiona) 
-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --
Jan.----,---------- · ·· 
----- ------- --- ----- --·---------
Feb, •••••••••••.••••• 
----- ----- -----
.3 2.0 600 1.0 2 . ~ 2400 
.8 2.2 1760 
Mar. --······ · -····--· 1.0 5".1 5100 .9 ~ . 6 ~HO .8 4.5 3600 .6 4.0 uoo .4 ~.0 1600 .5 3. 8 1900 !:0 1!1 
Apr •••••••••••••••••• .8 4.2 3360 .6 4. 0 HOO .5 2.9 1450 .4 3. 8 1520 .4 2.8 ll20 .4 3.1 1240 
(I) 
1!1 
> 
May--------· ••••••••• .8 2.8 2240 .5 2.6 1300 .6 2. 7 1620 .4 3.0 1200 .4 2. 5 1000 .4 2.3 920 l':l () 
June •••••••••••••••••• .9 4.4 3960 1.4 3. 7 5180 .5 2.9 1450 .4 3. 2 1280 .6 2.5 1500 = 
-----
.. ........... 
-----
.3 2. 1 630 
----- ----- ----- ----- ----- ----- ----- -----
.. .. ........ lXI 
July ••••.••••••••••••• • .05 2.2 110 .2 1.0 200 c:: 
----- ----- ----- ----- ----- ----- -----
............. 
----- ----- ----- ----- t'" 
Aug .•••••••••••••••••• . 8 2.3 1840 .6 2.4 1440 .8 1.7 1360 . 9 1.5 1350 .2 1.6 320 .8 1.6 1280 
t'" 
~ 
Aug.-Sept. -··-·•··-·-· . 3 1.9 570 .2 1.6 320 .3 1.5 450 .6 1.8 1080 
... 
............. 
----- -----
.......... ............. .. .......... z 
Sept.-Oct. .•••• ·•····-• .8 2.3 1840 ............. .. ......... 
-----
.~ 1.5 600 ............. ............ .. ......... .4 1.2 480 ........... 
----- -----
N 
.5 1.0 500 
----- ----- -----
.4 1.5 600 
----- ----- -----
0\ 
Vl 
Oct. ----------------- .8 2.3 1840 .6 1.5 900 .7 .4 280 .5 1.5 750 . 2 2.1 420 .9 ~:7 2430 
Nov.------··-···---·-- ............... -- --- ----- ~---· ----- ----- ----- .............. ----- •• 2.8 ll20 :5 2.0 1000 .4 2.2 880 
Dec. ________ ----------
.4 5.1 2040 
----- -----
.8 4.6 3680 
----- ----- -----
.2 5.3 1060 .1 1.6 160 
Jan. '36 •• ------------- .4 2.6 1040 
----- ----- -----
;2 3.4 680 .3 4.7 1410 .4 4 . 7 1880 
Feb, '36 ••..•. - ---·-·- ·-- .3 2 .• 0 600 ,.. ..... _ .... ~ --~--- ----- .J 3.0 900 
.6 2.0 1200 
*For explanation of oymbola aee Table 8. 
0\ 
v. 
~ 
TABLE 21.-PROTOCOL OF SEMEN CoLLECTION FOR HAMPSHIRE RAM ss• 
Period la 1b 2a 2b 3a 3b 
Sperm Total Sperm Total Sperm Total Sperm Total Sperm Total Sperm Total ~ per No. per No. per No. per No. per No. per No. Semen mm1 1perm Semeri mm1 •rrerm Semen mm' o~erm Semen mm• operm Semen mm' operm Semen mm' sperm ... 
vol. (mil- (mil- vol. (mil- mil- vol. \mil- mil- vol. \mil- (mil- vol. (mil- \mil- vol. (mil- (mil-
"' Teat (cc) liona) liona) (cc) liona) Ilona) (cc) iona) iona) (cc) iono) liona) (cc) liono) ions) (cc) lion a) liono) fJ> 0 
-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
-c:: Jan.-------------- ---
----- ----- --·-- ----- ----- ----- ----- ----- ----- ----- ----- ---- ----- ----- ----- ----- ----- ----- :<! 
..... Feb.----------------- ----- ----- ----- ----- ----- --- ------- ----- ----- ----- ----- ----- •• 2. 5 1000 ----- ----- ----- > Mar.----------------- ----- ----- ----- ----- ----- ----- . 4 2.5 1000 ----- ---.-- ----· ----- ----- ----- ----- ----- ----- C'l :<! 
..... 
Apr.----------------- •• 2.0 800 ----- ----- ---- - •• 2.9 1160' ----- ----- ----- .4 2.7 1080 ----- ----- ----- () c:: May _______ ----------- .5 3 .5 1750 
----- ----- -----
.4 2.0 800 
----- ----- -----
. 5 1.0 500 
----- ----- -----
l"' 
"i 
June •••••••• -----.---- . 4 2.0 800 .4 1.7 680 .5 1.5 750 c:: ........... 
----- ----- ----- ----- ----- ----- ----- ----- ~ July ___________ -------
.6 2. 8 1680 •• 2.8 1120 .I 2.7 270 ----- ----- ----- .2 .4 80 ----- ----- ----- l"' 
Aug.----------------- .2 2.5 500 .3 2.2 660 . I 1.3 390 . 1 .9 90 .6 .5 300 
----- ----- -----
trj 
•• 2.0 800 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- :><! ., 
Aug.-Sept.------------ .4 2.1 8.0 .3 3.0 900 .4 1.2 480 
----- ----- -----
. 2 .2 40 .4 LO •oo Ill 
.5 2.5 1250 0 3 1.1 330 :<! 
----- ----- ----- ----- ----- ----- ----- ----- .----- ----- ----- ----- ..... 
Sept.-Oct.---- - - ------ •• 2.1 8.0 •• 1.4 560 .5 0 3 150 . 5 . 2 100 1.0 0 2 200 .6 .2 120 
~ 
Ill 
.6 .2 120 .6 1.3 780 . 2 .2 w 0 3 .2 60 0 3 .1 30 0 3 1.2 360 z Oct.----------------- "i 
0 3 1.5 450 
----- ----- ----- ----- ----- ----- ----- ----- --- ""' - ----- ----- ----- ----- ----- ----- en 
Nov. •------------ __ ". .2 2.5 500 .2 3.4 680 0 2 1.8 360 0 3 1.9 570 .I 1.8 180 
----- ----- )2 
Dec, --C-------------- .5 2.4 1200 .2 2.2 HO ~ ----- ----- ----- .. ... ...... ----- ----- ----- ----- ----- ----- ----- ........... ..... 0 Jan. '36 _______________ 
.1 2. 1 210 
----- ----- -----
.2 2.9 580 . 2 3 0 3 660 . l .6 60 
---- - ----- -----
z 
.2 2. 1 420 
Feb. '36------------ -- .I 1.4 ao 
*For explanation of oymbols see Table 8. 
TABLE 22.-PRoTocoL oF SEMEN CoLLECTION FOR HAMPSHIRE RAM 55• 
Period la 1b 2a 2b 3a 3b 
Sperm Total Sper111 Total Sperm Total Sperm Total Sperm Total Sperm Total per No. per No. per No. per No. per No. per No. Semen mm' a~erm Semen mm' tperm Semen mm' 1perm Semen mm' sperm Semen mm• sperm Semen mm• ·rmrm vol. (mil- mil- vol. (mil- (mil- vol. (mil- (mil- vol. (mil- (mil- vol. (mil- (ll!il· vol. (mil- mil-Teat (cc} liono} tiona} (cc) liono) lions) (cc) tiona) lions) (cc} lion•) liono) (cc) lions) liono) (cc) lion•) liono) 
-- -- -- -- -- -- -- -- -- -- --
-- -- -- -- -- -- --Jan .. ··-----·····--·- ---- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- .............. ----- ::=c 
Feb. ···-··--·--·--- ·· Ill ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- .............. ----- ----- en 
Mar. ·-·-· ·-·-----· ___ 
----- ----- ----- ----- ----- ----- ----- -----
-........... .. ... ....... 
----- ----- ----- ----- -----
............ 
----- -----
!: 
II' 
Apr.---· - ··--·------- n 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
............... 11:1 
May_ •• ·------------. 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- t:d 
June .• ·--·----------· c:: ----- ----- ----- ----- ----- ----- ----- ........... ----- ----- ----- ----- ----- ----- ----- .......... ----- ----- t"' t"' 
July ____ ·--·-·-·------
----- ----- ----- ----- ----- ----- ----- ----- ----- -----
.. ......... 
-----
.1 ••• HO ----- ----- ----- Ill o-j 
Au~---·-------- - ---- . 1 •. 6 %0 ..... ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----· ----- ----- ----- z 
Aug.-Sept.----···---·-
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
. 3 3.1 930 
----- ----- -----
t-) 
'Sept.-Oct .• _ "_. __ • __ .. 
.5 4.2 2100 .6 4.1 2%0 .5 3.4 1700 .s 3.6 1800 ~ 
----- ---- - -----
----- ----- ----
Oct • • ---------------- .2 3.3 660 
----- -----
........... . 2 4.0 800 .5 3.9 1950 . 2 4.0 800 .5 1.6 800 
Nov.-------·--·--·---
----- ----- ----- ----- ----- ----- ----- ----- ----- ----· ----- -----
.4 3.8 1520 . 4 2.8 II20 
De~-------~---------
----- ----- -----
. 4 2.1 8W .2 2.5 500 
----- ----- -----
. 2 2.0 400 
Jan. '36 __ _______ ______ 
.5 3.8 1900 .2 ·3.5 700 . 4 3.7 H80 
----- ----- -----
.4 3.2 1280 
Feb. '36·-·----------- .2 4 . 4 880 . 7 4 . 9 3430 . 5 4.6 2300 . I 3 . 3 330 .2 3. 7 7.0 
*For ~xplanation of aymbola se~ Tabl~ 8. 
0\ 
'-l 
0\ 
TABLE 23.-PRoTocoL OF SEMEN CoLLECTION FOR HAMPSHIRE RAM 33• 00 
Period 1a 1b 2a 2b 3a 3b 
Sperm Total Sperm Total Sperm Total Sperm Total Sperm Total Sperm Total 
per No. per No. per No. per No. per No. per No. 
Semen mm' 1perm Semen mm' sperm Semen mm' eperm Semen mm' sperm Semen mm• eperm Semen mml sperm ~ vol. (mil- (mil- vol. (mil- (mil- vol. (mil- (mil- vol. (mil- \mil- vol. (mil- (mil- val. (mil- (mil-Test (cc) lions lions) (cc) hans) lions) (cc) lions) lions) (cc) lions) hans) (cc) lions) lions) (cc) lions) lions) .... rn 
-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --- -- -- rn Jan. - ----------------
----- -----
.. ..... .... 
-----
........... .. ........ ... ........ 
----- ----- -----
............ 
----- ----- ----- ----- ----- -----
............ 0 
Feb.---------------- -
----- ----- ----- ----- ----- ----- ----- ----- -----
c::: 
----- ----- ----- ----- ----- ----- ----- -----
"' 
.... 
Mar.---- -------------
----- ----- ----- ----- ----- ----- --- -- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- > 
Apr. --------- - ---- --- .8 3.6 2880 . { 2 .0 800 .8 3.6 2880 C'l 
----- ----- ----- -----
............. 
----- ----- ----- -----
"' May ••• ------ - ------- ,{ 6.1 2HO .6 3.9 2340 .6 4.0 2400 (i 
.6 3 . 7 2220 ----- -----
........ .. 
----- ----- ----- ----- -----
............ c:: 
----- ----- ----- ----- ----- ----- ----- ----- -----
____ ... 
----- ----- -----
.., ____ 
----- 1:" 
June.- - ------- - ------ .5 3.6 1800 . 6 2.4 1440 >-! 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
c:: 
.5 3. 3 1650 
----- ----- ----- ----- ----- ----- ----- ----- -----
.... ..... .. 
----- ----- ----- ----- ----- ~ 
July---- ___ -- _ -• ------ .6 3. 1 1860 
----- ----- -----
. I 3.0 300 
-----
... ... ... .. ... 
-----
.4 3.8 1520 
----- ----- -----
1:" 
.8 3.1 2480 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
.. ........ .. 
----- ----- trj 
Aug.----------------- .2 5 . 4 1080 
----- ----- -----
.4 3.4 1360 . 3 3 .0 900 . 1 2.5 250 
----- ----- -----
>< 
. 3 4.0 1200 
----- ----- ----- ----- ----- ----- ----- ----- ----- ---- -
... ..: .. --
----- - -- - - ----- -----
"d 
1'1 
Aug.-Sept.----- - --- --- .7 2.4 1680 .8 2.6 2080 . s .3 150 . 9 2 . 0 1800 .5 1.1 550 
"' ----- ----- -----
.... 
:7 2. 5 1750 
----- ----- ----- ----- ----- ----- ----- ----- --- -- ----- ----- ----- ----- ----- -----
~ 
1'1 
Sept.-Oct. - ----------- .4 4.7 1880 . 3 3 . 1 930 . 3 2.9 870 .4 3.7 1480 .4 2.5 1000 
----- -----
.............. z 
.5 3 .6 1800 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
>-! 
Oct.-------- - ---- - - - - .6 3. 1 1860 . 2 .I 20 ** ** .7 2. 6 1820 
C/) 
----- ----- ----- ~ .7 2.8 1960 ----- ----- ----- ----- ----- ----- ----- .......... .. --- -- ............ ----- ----- ........ ..... ----- -----
.a 2.2 1760 
-----
........... 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
........ .. ... >-! 
.... 
Nov.------------ -~ --- .6 4.1 2460 
----- -----
. 3 2.2 660 
----- -----
............ 
----- ----- -----
0 
.8 3 .5 2800 ----- ----- ----- ----- z 
----- ----- -----
--T Ti- :zoso· ----- ----- ----- --:3- -.:o· i:zoo-Dec.------------- - --- . 3 3.8 1140 
----- ----- ----- ----- ----- -----
Jan. '36--- - - -- - ------- .4 6.1 2440 .7 5.5 3850 . 3 4.1 1230 
----- ----- -----
. 3 4.2 1260 
Feb, '36 __________ ____ 
• 3 3 .5 1050 . 4 3.1 1240 .4 2.1 840 
----- ----- ----- ----- ----- ----- -----
----- -----
*For explanation of symbols see Table 8. 
REsEARCH BuLLETIN 265 69 
Excessive Frequency of Copulation 
An experiment was designed to see how rams of different 
reproductive capacity would react to very freqi.1ent use, a project 
similar to the experiments of Kirillow (1934) with bulls. 
December 30, 1935, Shropshire rams 10, 12, and 9 and Decem-
ber 31, Hampshire rams 49, GO, and 747 were allowed to breed for 
several hours. Ten-minute periods with the ewe were allowed 
each ram, then twenty minutes rest. The tests extended from 
8:00 A. M. to 5:00 P. M. with 1.75 hours interval at noon. 
Each ram had eleven ten-minute periods in the nine hours. Dur-
ing this time Hampshire ram GO made twenty-four services; Shrop-
shire ram 10, twenty-three; Hampshire ram 747, twenty; Shrop-
shire ram 12, sixteen; Hampshire ram 49, thirteen; and Shropshire 
ram 9, thirteen. (See Table 2± and Graphs 13 and 14). 
In all cases the number of spermatozoa decreased markedly 
after the first service; this is especially noticeable in Shropshire 
ram 12. Hampshire ram 60 gave two almost equal and very large 
ejacula and one small one in the first five minutes. There was no 
indication of exhaustion in the Hampshire rams (49, GO, 7~17). Ram 
49 gave fewer services than ram 60 and 74,"/. The Shropshire rams 
responded differently. Shropshire ram 10 showed a marked de-
crease in sperm after the fourth service, which was in the second 
ten-minute period, but apparently recovered, until in the fifth period 
he again produced very little semen. After twenty minutes two 
ejacula of normal quality were given. His behavior should prob-
ably not be attributed to complete exhaustion, but to temporary 
Jack of spermatozoa. He did not recover much during the noon 
interval; in fact, after the first copulation no semen could be 
collected and very little after the second. In the next two periods 
four services were completed. Then three services without emis-
sions occcrred; after twenty minutes two good ejaculates were 
collected within five minutes. This wave-like appearance and dis-
appearance of semen after copulation is probably significant, fo1· 
it was also observed in Shropshire ram 12 during the first half of 
the trial. The periods when no semen could be found were longer 
for ram 12 than for ram 10. After the mid-day interval the number 
of spermatozoa from ram 12 was fairly high and improved toward 
the end of the test. The record of ram 9 shows distinctly the inferior 
breeding capacity of a poor breeder, which showed signs of exhau~­
tion after a few ejaculates of poor quality. 
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Graph 13.-Infiuence of excessive frequency of copulation on production 
of semen of Shropshire rams. The black columns represent the total num-
ber of spermatozoa in each ejaculate; the white columns represent the num-
ber of sperm in one cubic millimeter of semen; x represents a copulation fol-
lowing which no semen ·could be obtained. 
Neither the motility nor the viability of these semen samples 
-was studied over an extended length of time so their pysiological 
qualities cannot be described in these terms. Except in Shropshire 
ram 9, the semen of none of the rams contained spermatozoa that 
showed unusual morphological abnormalities. There was a very 
marked increase of a:bnormals, consisting of small heads and heads 
with ruptured membrane, in the fifth ejaculate of ram 12. As 
this ejaculate was of very small volume and low concentration, 
(0.5 millionjmm3 ) the suggestion of Phillips and McKenzie (1934) 
in a similar case that spermatozoa that had been attached to the 
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Graph 14.-lnfiuence of excessive frequency of copulation on production 
of semen of Hampshire rams. The black columns represent the total number of 
spermatozoa in each ejaculate ; the white columns represent the ·number of sperm 
in one cubic millimeter of semen; -'t' represents a copulation following which no 
semen could be obtained. 
wall of the duct for a long time were squeezed out, when no fresh 
material was passing along, seems plausible. 
·Comment.-In this experiment no ejaculate of normal volume 
and of clear fluid was collected, whereas Gunn had found that after 
frequent ejaculations of semen a watery fluid, pro-bably secretions 
of the accessories, was obtained. In our experiments the volume 
paralleled the number of spermatozoa; lack of testicular secretion 
coincided with lack of an ejaculate. 
"-l 
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TABLE 24.-INFLUENCE oF ExcESSIVE F REQUENCY OF CoPULATION ON P RODUCTION OF S EMEN. 
R a m: Shropshire ra m 10 Shropshire ram 12 Shropshire ram 9 Hampshire ram 60 H ampshire ra m 74:7 Hampshire ram 4 9 
Sperm Total Sperm Tot al Sperm Total Sperm Tot al Sperm Total Sperm T ot al ~ per No. per No. per No. per No. per No. per No. u; Semen mm' sperm Semen mm3 sperm Semen mm3 sperm Semen mm' sperm Semen mm' sperm Semen mm3 sperm U> va l. (mil- (mil- vol. (mil- (mil- voL (mil- (mil- vol. (mil- (mil- vol. (mil- (mil- vol. (mil- (mil- 0 T eat (cc) lions) li ons) (cc) lions) lions) (cc) lions) lions) (cc) lions) lions) (cc) lions) lions) (cc) lions) lions) c:: -- -- -- -- -- -- -- -- -- -- -- - - -- - - - - - - -- - - :::: Ia ________ •••• • _ • •• ••• ;6 2. 5 1500 .8 5 . 2 4160 .4 3. I 1240 .9 5 .0 4500 .7 4 .9 3430 . 6 4 .3 2580 
.4 3 .6 1440 
----- ----- ---- -
.4 2 .0 800 1. 0 4.0 4000 .5 3. 7 1850 
----- ----- ----- ;p 
.5 2.2 llOO 
----- -----
----- --- -- --- -- ----- C) 
l b ___ ~----- - --- -- - - -- - 1.0 3.0 3000 .6 2.9 1740 . 3 2. 0 600 . 6 3.6 216\J . 5 3. 8 19\JO . 4 3. 9 1560 :::: 
() 2•------ ------- ------- .6 3 . 5 2100 ** . 2 1.8 360 . 6 4.1 2460 .4 3.1 1240 . 5 4 .2 2100 c:: 
.1 2. 4 240 
.5 2.0 1000 . 5 3. 9 1950 t-< ----- ----- ----- --- -- ----- -----
----- ----- ----- '"'! 
2b __ ----- --------- - --- ** c:: ----- ----- ----- ----- ----- --- -- ----- ----- ----- ----- ----- --- -- ----- ----- --- -- lQ 
3 • ------ - ----- -·------- . 6 3 . 2 1920 .I . 5 50 ** . 3 2 . 2 660 . 2 3. 0 600 . 3 5 . 0 1500 
;.. 
t-< 
.6 2.5 1500 .5 2.9 1450 
----- -- --- ---- - ----- ----- ----- - - - - - --- - - --- - - ----- --- -- ----- tr:1 3b _______ - - ---- ------ -
----- ----- ----- ----- ----- ----- -- --- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
~ 
~ 
··--------------------
.4 2. 3 920 .4 3 . 4 1360 
** .3 3.1 930 .5 2.9 1450 . 2 2 . 5 500 t'1 
.7 2.8 1960 
----- ----- -----
lQ 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- --- -- ----- ~ 4b _______________ ---- -
----- ----- ----- ----- ----- ----- ----- ----- -----
.5 3. 5 1750 .4 2 . 3 920 
----- ----- ----- t'1 
Sa •••.• _ ••••••••••• __ • .2 .5 100 . I .4 40 . 1 .6 60 . 3 2.8 840 .2 1.0 200 .4 3. 8 1520 z '"'! 
.3 2.3 690 
----- ----- ----- C/) Sb ______ • __ ••• --------
----- ----- ----- ----- ---- - ----- ----- ----- ----- --- -- ----- --- -- ----- ----- ----- ----- ----- ---- - ~ 6a _______ - - --. __ • ____ _ 
. 4 3. 6 1440 
** .2 1.3 260 . 3 2.6 780 . 5 3 . 2 1600 . 4 3. 5 1400 '"'! 
.4 2.9 1160 
----- ----- -- --- ----- --- ----- --
.4 2.0 800 
----- ----- ----- ----- ----- -----
0 
z 6b _________ - -- - -- - ----
----- ----- ----- ** 
7 • --- --- - - ------------ ** .1 1.0 100 .6 2.3 1380 . 1 1.0 100 . 5 2.6 1300 . 3 4 . 7 1410 
.3 2. 1 630 
----- --- --
-----
. 3 1.6 480 .2 1.7 350 
.2 1.7 350 
7b __ "_ ---------------- ----- ----- ----- ----- ----- ----- ----- ----- ----- . 3 2 . 3 690 .4 . 7 280 .5 3 .9 1950 
.3 2 . 3 690 
8a ____________________ 
.2 1.9 380 
----- ----- ----- ** 
.2 2.1 420 .2 2 .4 480 .5 3.1 1550 
8b ___ ___ __ - ----------- .4 3. 2 1280 .3 2. 1 630 
----- ----- -----
. 3 2.5 750 . 6 2.1 1260 
9a ____________________ 
. 3 1.7 510 
----- ----- -----
. 2 1.5 303 . I 2.0 200 .4 1.8 720 .4 2.9 1160 
9b _______ ------------- .2 3. 3 660 .2 2. 7 540 
----- ----- -----
. 2 1.9 380 
10•--------- _ ----- ____ 
** 
.3 2. 9 870 ** . 3 3 . I 630 . 3 1.7 510 
** 
lOb ______ ___ --- _______ 
** 
.4 2 . 7 1086 
----- ----- -----
. 3 1.9 570 
----- ----- -----
.4 2. 3 920 
11•------------------- .5 1.6 800 .3 3. 3 990 ----- ----- ----- .I 1.6 160 .6 2. 1 1260 . 3 2. 5 750 
.6 3.3 1980 
11 b ______ --- ----------
---.- - ----- ----- ----- ----- ----- ----- ----- -----
. 2 1.8 360 . 3 2.2 660 
*Symbol. "l a" refers to the first five minutes of the first. ten-minute test-period; "I b" refers to the second half of the first ten-minute teat-period. There was an 
interval of twenty minutes between "1 b" and "2a". "2a" and "2b" are the first and second halves, respectively of the second ten-minute test-period, etc. There is a 
rest period of 1.75 hours between "6 b" and u7 a". 
**Represents a copulation following which no aemen could be obtained. 
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. Unfortunately this test was not repeated on the following day 
to see what effect continuous and very frequent coitus would have 
on the rams. These data would confirm the reports of other 
workers that in normal rams complete exhaustion of sperm is 
difficult to attain and that a short rest period is sufficient to bring 
fresh spermatozoa, if only a temporary lack o.f sperm was induced. 
An individual and a racial variation appears in the rate a•t which 
spermatozoa made their reappearance after temporary reduction. 
Furthermore, some rams under similar conditions reach a state of 
exhaustion earlier than others; the time of onset and the duration 
of exhaustion seems to be roughly proportional to the actual breed-
ing capacity of the ram. 
I 
Our experiments were not devised to demonstrate the exact 
influence of a set time-interval between services .upon the number 
of ejaculated spermatozoa. This would have necessitated another 
system of testing. For this purpose one would have to remove the 
ram from the ewe, as soon as a mating was completed and let him 
breed again after a certain time, say ten minutes as compared to 
one hour. This system, of course, would have .disturbed our main 
experiment and, therefore, was not tried. The data of the "vhole 
experiment show clearly that a time-interval between services 
effected improvement, for almost all rams bred better and more 
often in the first half of the test periods, that is, after fifty minutes 
rest than in the second five minutes. However, there were marked 
individual variations. Some rams bred more often in ten minutes 
than others, but the most services were made during the first half 
of the first test period. Very poor rams, such as Shropshire rams 7 
and 9, did not breed in the last half of the third ten-minute period 
of any test. Some rams bred only occasionally even during the 
breeding season. All rams, even the good ones, bred only occasion-
ally in the third ten-minute periods (3a and 3b) of a test during the 
off-season. This might be interpreted as an indication of sex. 
aGtivity during the different seasons. If a ram showed good desire 
and yielded a normal ejaculate two hours after the beginning of 
the test, then he was uhdoubtedly a better breeder than a ram that 
after one hour was rather sluggish, produced an ejaculate of 
inferior quality, and declined altogether to serve after another hour. 
A rough correlation existed between the total amount of sperm 
produced during the whole experiment and the behavior during 
the monthly test periods. The breeding behavior and the amount of 
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sperm at subsequent services, undoubtedly, depend upon the rate 
at which fresh sperm was brought from the testes and epididymides. 
That such transportation actually takes place wa:s demonstrated 
by the recent experiments of Gunn (1936). Contraction of the coiled 
tubules in the tail of the epididymis indicated that the contents of 
this part were pushed forward. Gunn also has demonstrated that 
in older raD;J.s after frequent stimulations the vasa deferentia and 
epididymides were often found free of spermatozoa, whereas the 
tubules of the testis, in histological section, were found crowded 
with sperm. In · the younger animals, however, a less perfect 
depletion of the contents of the epididymides was demonstrated. 
He assumed that this was due to a more rapid refilling process 
from the enormous stores of spermatozoa in their testes. There-
fore, he concluded that the refilling process wa:s probably depend-
ent partly on the time available and partly on the animal. 
Our observations agree perfectly with this explanation but 
do not offer a suggestion about the fundamental causes for the 
variation in effectiveness and speed of the refilling process between 
the different animals. The experiment designed to investigate 
the effect of excessive sexual use demonstrates clearly that there 
must be a certain \•.rave-like progress of the spermatozoa and that 
there is a difference itt the rate at which they are pushed forwa:rd. 
In some rams the rate must be so fast that each ejaculate contains 
a normal amount of spermatozoa; in other rams copulation may 
not . result in emission of semen, because refilling had not taken 
place. This is not necessarily a criterion for the actual sperma-
togenic capacity of the ram, for a ram with a higher degree of sex 
impulse might try to copulate more often and in more rapid suc-
cession than a sluggish ram. The active ram has less time left for 
refilling, whereas in the sluggish animal the process will be com-
plete. However, if a sluggish, slow breeding ram yields an ejaculate 
of subnormal quality, or none at all, after a sufficiently long rest 
period, this can probably be considered. a .sign that the refilling 
did not occur because of lack of spermatozoa in the testis or of 
some grave disturbance in the neuro-muscular mechanism of sperm 
transportation. 
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PART III. MORPHOLOGY OF SPERMATOZOA 
In the section on Seasonal Variations in Breeding Capacity the 
appearance of morphologically abnormal spermatozoa in the semen 
of rams was used as a criterion by which it was possible to measure 
the level of fecundity of rams throughout the year. For this pur-
pose the sum of all different forms and types of abnormal sperma-
tozoa were grouped, and no consideration was given in that section 
to the variation in the appearance of specific abnormalities and 
the changes in the proportion of abnormalties that may occur dur-
ing the different seasons of the yea·r . This section is devoted to a 
study of the ej acula of the rams in regard to sperm abnormalities 
occurring- during the year, their different forms, and their possible 
origins and causes. 
Recent literature on sperm morphology shows no general 
agreement about the causes of sperm abnormalities nor the sig-
nificance of specific abnormal forms with respect to fertility. 
Polowzow (1928) found that after a prolonged sexual rest period 
more deteriorated spermatozoa appeared in the semen than 
normally. McKenzie and Phillips (1934) al so observed this in 
rams, and Webster (1932) in bulls. Simeone and Young (1931) 
reported that spermatozoa that were not discharged in ejaculates 
disintegrated in the epididymis . Moore (19 32) stated, "Many 
observations on ejaculates in regard to spermatozoan motility and 
capacity for fertilization show that the first ejaculate after a long 
interval, or later ejaculates after excessive matings, contain sperma-
tozoa in less efficient physiological condition than those obtained 
in moderately frequent matings . Spermatozoa gradually obtain 
their physiological maturity in the epididymis , retain it for a lim-
ited period, and gradually decline in physiological vigor until 
death." 
Young (1929a, 1929b, 1931) has shown that this ripening process 
really occurs in the epididymis. Earlier observations by Redenz 
(1924) agree vvith this hypothesis . Little is known of the events 
during the stage of ripening. The Russian school, (Milowanow, 
1934) in general accepts the view of Redenz (1925) and Popa: and 
Marza (19.29). The former stated that while passing through the 
ducts of the epididymis the spermatozoa were surrounded by a 
capsule-like lipoid membrane, chiefly lecithin; this was demon-
strated later by Popa and Marza. This membrane the Russian 
workers interpreted as corresponding to the "protective film" 
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described by Cody (192:3). These workers seem to agree now that 
spermatozoa acquire the ability to move in the epididymis. The 
older school believed that a prostatic enzyme stimulated motility 
of the spermatozoa. 
Recent experiments by Milowanow (1934), Miller (1935), and 
others have shown that the secretions of the accessory sex organs 
have a decidedly destructive effect on spermatozoa. Seliwanowa 
(1934) found that in most animals the lipoid capsule showed 
degeneration when an inadequate dilutor was use.d. 
Many workers believe that too frequent matings result in the 
ejaculation of immature sperm, for immaturity was identified with 
lack of fertilizing capacity. Later Russian workers (Kusnezowa 
et a!. 1932) claimed that immaturity could be recognized by the 
position of the so-called "protoplasmic drop," often found on the 
body of spermatozoa. Redenz (1924) had observed that almost aH 
spermatozoa taken from the epididymis had protoplasmic drops 
and later found them on spermatozoa in ejaculates. Roemmele 
(1927) also found them always on the spermatozoa of the epididy-
mis but less frequently in the ejaculates. In bull semen ejaculated at 
short intervals, he found a marked increase in the number of sper-
matozoa carrying this protoplasmic drop. Rendez (1924), further-
more, claimed that in the head of the epididymis of the bull this 
drop or bead was situated at the neck region; but in the caudal 
epididymis, the spermatozoa carried this structure on the tail end 
of the middle piece. Redenz concluded that this trans-location 
of the bead was correlated with the process of achieving maturity 
o£ the spermatozoon. Roemmele's observations agreed with the 
explanation that had been advanced in 1856 by Kolliker as quoted 
by Kusnezowa (1932). In recent years there is considerable dis-
agreement about the significance of these beads as indicators of 
immaturity, for they can be found even in the first ejaculate with 
moderate sexual activity; and they do not increase in number in suc-
cessive ejaculates in bulls according to Kirillow (1933). Lagerlof 
(1935), on the other hand, thought that this criterion could be 
used as an indicator of physiological maturity. Rodolfo (1934) 
reported that in boars the first series of ejaculations contained the 
most sperm with protoplasmic drops and was unable to attach any 
significance to the structure. Kusnezowa and co-workers (1932) 
noted that these protoplasmic drops disappeared, if the sperm was 
diluted with hypertonic fluid. Seliwanowa, as quoted by Milawanow 
(1936) found that these drops disappeared during ejaculation when 
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the epididymal contents were mixed with the liquid from the acces-
sory sex . organs. 
Moench and Holt (1931) working with human sperm attrib-
uted most significance to head changes in cases of impaired fer-
tility. Moench believed that in man large round· cells were prob-
ably more or less immature or degenerated cells, and wen~ of 
importance. Distinctly narrow and tapering cells Moench con-
sidered the most important abnormalities, for in them nuclear 
material was probably reduced. Williams and Savage (1927) ob-
served these pyriform heads in bull semen also and believed that 
they were the result of faulty spermatogenesis. Vestigial middle 
pieces were observed and considered more importan't than pseudo-
swellings of the middle piece. Another form of abnormality was 
the nicked middle piece that probably originated through adhesions 
to the tail during the stage of growth when the parts involved were 
folded on themselves. 
Lagerlof (1935) followed in general the classification of Wil-
liams and Savage. He observed, furthermore, that abnormal sperm 
stained differently from normals, taking up too much or too little 
stain. He believed some spermatozoa were already dead when 
ejaculated. Sperm with tails coiled around the head were of this 
type. On several occasions he found spermatozoa whose middlepiece 
sheaths were broken and peeling off. Lagerlo£ did not state which 
type of abnormal forms he believed the most detrimental to 
fertility, He thought that the semen of .normal bulls of breeding 
age could contain up to one hqndred seventeen abnormals per 
thousand ; young bulls with undeveloped testes and older bulls that 
had become sterile after being fertile might show more than three 
hundred per thousand. He did not discuss the causes of the abnor-
malities but expressed the opinion that appearance of abnorma·ls 
would be closely connected with degeneration of the seminiferous 
epithelium. Williams and Savage stated that they had not observed 
highly efficient bulls which emitted more than one hundred seventy 
abnormal sperm per t~ousand. W oloskow (1936) in a similar in-
vestigation on stallions found that the number of pathological 
sperm forms might be quite high, up to 300 abnormals/1000 in 
stallions with foaling percentage of 89. A similarly high percentage 
of abnormals was inside the normal limits in boars according to 
Milowanow (1936). McKenzie and Phillips (1933) and Phillips 
(1935) estimated that semen of boars should not exceed 104 to 
172 abnormals/1000 for high fertility. 
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McKenzie and Phillips (1934) found that in the semen of 
"good" rams the maximum number of tailless sperm was thirty-
six per 1,000, coiled forms could number ninty-six; in "fair" rams 
this number might increase to two hundred forty. A large number 
of coiled tails was found in the ejaculates after long rest periods. 
Enlarged middle pieces were rare. 
Results 
In this study of morphological abnormalities, in general, the 
classification of McKenzie and Phillips (1934) has been used. The 
abt1ormality counts for each individual ram are given in the record 
sheets in the appendix and the principal features can be summarized 
rather briefly. · 
Hampshire ram.48 produced semen that contained fewer than 
100 abnormals per 1000 at all periods except in July, when. the 
number rose to 144. The increase was due mainly to an increase of 
spermatozoa with coiled and broken off tails. 
Hampshire ram 49 showed an increase in abnormal forms in March 
consisting of spermatozoa with broken off and coiled tails. In April the 
number returned to his average. In June the number of abnormals increased 
with successive services; four weeks later the number of abnormals more than doubled, being about 400/1000. Sperm with coiled tails, a large number 
with tapering heads, and with middle piece beads appeared in this period. In the third ejaculate, head beads were numerous, and many cellular frag-
ments and much debris in the semen suggested increased destruction. In August the number of abnormals dropped to about 100/1000 in the first two 
ejaculates and decreased to the normal level in the next two. Hampshire ram 55 had high abnormal counts in June, July, and August and made only one service in each monthly test. These high counts may be due partly to infrequent services, for he made few services in the "mating desire" periods between the monthly tests when the semen was collected, or to seasonal variations in sperm quality. 
Hampshire ram 60 (Fig. 7-10) is outstanding for his uniformly low 
number of abnormals, except on February 6, 1935, when the number of middle piece beads suddenly increased in the fourth and fifth ejaculates, but returned to normal in the seventh. From May to July tapering heads made up the largest portion of the abnormals. No in.flue.nce of the frequency of ejaculations 
on the number of abnormals could be seen in this ram. Hampshire ram 85 had a very low count of abnormals throughout the year, but the number of sperm produced by this ram was exceedingly low at 
all times. He would probably be a very inefficient breeder although a study 
of sperm morphology alone would indicate that he was very good. Hampshire ram 747 (Figs. 11-13) from February to June showed the 
number of abnormals below 100/1000 but from April the proportion of tapering heads rose steadily until in June over 100 tapering heads were 
counted, two-thirds of all abnormals. The third ejaculate contained more 
abnormals than the first. The number of spermatozoa with coiled and broken 
off tails did not increase until July when all abnormal forms increased exceed-ingly, especially those with broken off tails, tapering heads, and heads that 
showed ruptured membranes and extrusion of the nuclear contents. ln August the total number of abnormals was still high but decreased with 
successive services; the tapering forms still constituted most of the abnor-
mals. After September the abnormals were fewer than one hundred per 
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1000. In this ram, however, there was at all times one. irregularity in most 
spermatozoa; the flagellum was not attached. exact~y m the center of ~he 
basal line of the head but slightly to the s1de (F1gs. 11-13). In routme 
counting this form was' not classified as abnormal as it. seemed ch~racteri~tic 
of the ram. It might, however, indicate some cytological aberratto~ du:mg 
the developmental stage of the spermatozoa that ten?ed to favor 1mpatred 
spermatogenesis when some other factor, such as h1gh temperature, com-
plicated the process. 
Hampshire ram 749 had more than one hundred abnormals per 1000 
in July only; the increase was in tapering heads and tailles,s ~nd coiled f?rms. 
No variation of abnormals in relation to the number of serv1ces was ev1dent. 
Hampshire ram 33 showed only slight variations in the count of 
a1:mormals. 
In the Hampshires the seasonal changes in the number of 
abnormal forms became distinct in two rams only, the others were 
affected slightly, or not at all. In the months preceding those test 
periods when the proportion of abnormals was low, the ejaculates 
of the later services showed fewer abnormals than the first ones. 
The Shropshires had, even at the beginning of the experiment, 
a far higher abnormal count than the Hampshires. 
Shropshire ram 0 in January improved in quality after the first ejaculate, 
but he did not mate during the breeding test~ of the following three months, 
and completed only two services during the mating d·esire tests in this period. 
After May the number of abnormals remained constantly high, between 250 
and 330 per thousand. The tailless forms and those with coiled tails decreas,ed 
in number while the numbers of tapering heads, those with middle piece 
beads, and the forms that appeared to be incompletely developed increased 
significantly. The last mentioned might have been immature sperm. In 
August and September the total number of spermatozoa in each ejaculate 
was abnormally small and the concentration very low. In September the 
number of sperm with middle piece beads became very large after a marked 
improvement in the second and third ejacula,te as compared with the first. 
In the samples of the following three months a distinct improvement occurred 
in the consecutive ejaculates of each test period, and after November the 
proportion of abnormals was very small. 
Shropshire ram 2 was similar to Shropshire ram 0 in the proportion of 
abnormals (total count) until August, but sperm with middle piece beads 
predominated and increased with each service in the semen of ram 2, 
especially in June. In August most sperm had some· defect, usually tapering 
heads. Beginning with the fourth service in the August test an improvement 
occurred that continued throughout September. The undeveloped forms that 
were present in August disappeared again, but the number of middle piece 
beads still increased. The comparatively large number of sperm with beads 
on the head piece and sperm with small shrunken heads might indicate a high 
degree of destruction of completely formed spermatozoa. By October the 
semen was normal. 
Shropshire ram 1 (Figs. 14-17) showed a continuous increase in the 
nurr.ber of tapering heads until the number of abnormals exceeded 200/1000 
in April. Improvement began after this period, and the sperm were normal 
i~ all ejaculates collected during May and June. In the July test the first 
ejaculate was poorer than the next ones, but the semen was still of good 
quality with high total numbers and concentrations. In August almost all 
sperm were abnormal in this ram; most of them had tapering heads and 
middle piece beads; but head beads, shrunken heads, and undeveloped forms 
indicated a marked disturbance and destruction. In September the number o£ 
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abnormals was much reduced. From October the semen was of high quality 
with very small numbers of tailless sperm, coiled tails, and middle piece beads. No influence of frequency or sequence of ejaculation upon the num-ber of abnormals could be observed from October to December. 
The record of Shropshire ram 12 (Fig. 18) like that of Shrops.hire ram 
1 is characterized by a steady increase of abnormals, mostly coiled tails, tail-l~ss and tapering heads, from March on, a relatively large number of abnor-
mals in April, and a period of improvement in May. In June more tapering forms appeared in the first ejaculate than in the later ones. In July two 
sterile copulations, probably from temporary exhaustion, were followed . by 
an ejaculate containing a large proportion of tapering heads and more middle piece heads and ruptured heads than the first ejaculate. In August ejaculates 
contained very few sperm, over half of which were abnormal, and of these 
IS3/1000 had undeveloped heads signifying, perhaps, retardation of .sperma-
togenic processes. In September the first ejaculates were still of very infedor 
quality owing to the high proportion of tapering heads and middle piece 
beads, the middle piece beads disappearing in the second ejaculate and the 
tapering heads persisting at a high level until the third ejaculate; the con-
centration was rather low in the last three ejaculates. From October until 
the end. of the experiment the semen was normal in all ejaculates. The 
sixteenth ejaculate collected during the test on effects of excessive frequency 
of service did not show an increase in abnormal forms. (Fig. 18) . 
Shropshire ram 11 (Figs. 19-21) differR from those previously described 
in that his semen collected during January and February showed a very 
distinct improvement with successive services as compared with the first 
ones. This improvement wa~ due to a red11ction in the number of tailless 
forms and tapering heads. The abnormality count in April was not quite. 
as high as with the other rams ; the last ejaculate contained the most abnor· 
mals with the middle piece heads and coiled tails showing an increase. In 
May the number of tailless sperm cells increased until it brought the total 
abnormal number to more than three hundred per thousand. In June. two 
incomplete services without emission were ohserved. In July, August, and 
September the number of abnormal forms reached the highest mark of the 
year. In July the tailless and tapering heads made up the majority of the 
abnormalities; middle pi ere beads, hea1l beads, and undeveloped forms were 
also plentiful. In August the total number was almost the same; but the 
tailless heads decreas ed in numh cr in the later ejaculates, and the coiled tails 
and tapering heads· increa!'ccl; there were also a larger number of unde-
veloped sperm. In September the total abnormality count decreased, but 
again the middle piece heads were present in large numbers, and the total 
number of spermatozoa was small and the concentration low. In October 
and later months the semen from this ram was normal 
Shropshire ram 10 (Figs. 22-25) is particularly suited to show the pos-
sible changes in the number of abnormalities that might depend upon the frequency of ejaculations. Before April the differences between the first and 
the last ejaculates were small. In April the fi rs t ejaculate contained more 
tapering and small shrunken heads than the fifth ejaculate, but in May and 
in June the total number of abnormalities was highest in the fifth sample 
and dropped again in the sixth, which latter contained the smallest total num-
ber of spermatozoa collected at this test period (owing to low concentration). 
In July the total numb er of abnormals was increased and the concentration 
of the la ter ejaculates fell with succeeding services; many tailless heads, 
tapering heads, and forms indicating destruction appeared. The number of 
sperm with middle piece heads stayed relatively low. In August and Septem-
ber also the ahnormals reached a very high level, particularly the tailless 
heads, tapering heads, and those with coiled tails; and in September sperm 
with middle piece beads were numerous. However, in this ram the semen 
did not become diluted as much as in the rest of the Shropshire rams. The 
semen showed a marked improvement in the last ejaculates, especially in 
September, although the proportion of tapering heads was still very high. 
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Durin!c! Octobe! the recovery was marked; In Nov·ember and December the 
first ejacuiate m each test showed a few more coiled and broken off tails, 
but ~he total number of abnormals was not significant enough to lower the 
quahty of the semen. No increase in forms of the type that would indicate 
the ej'!-culatio~ of immature sperma~ozoa were observed during the- test with 
excessive matmg on December 30, 1935 (Figs. 24 and 25). 
The r_ecords of Shropshire rams 7 (Fig. 26) and 9 (Fig. 27) show an ex-
tremely h1gh number of abnormals present throughout the year. As this was 
combined with a low production of spermatozoa, normal spermatogenesis 
must have been deranged, which makes it useless to describe the records of 
these two rams in detail. 
The immediate problem is the relation, if any, of the number 
of abnormals per 1000 spermatozoa to the fecundity: of any ram. 
In the fall of 1936 we had the opportunity to turn out Hamp-
shire ram 48 with a flock of 37 breeding ewes. A semen sample 
taken at this time showed an abnormality count t>f less than fifty 
abnormals per thousand. He settled all ewes in their first heat 
period. 
Shropshire ram 12 was used in the fall t>f 1936 for a breeding 
experiment with artificial insemination. The first semen samples 
taken between August 21 and 31 contained very few sperm, all of 
which were abnormal. Throughout September and the first half 
of October the semen improved gradually as indicated by the 
increase in sperm concentration from 100,000 per mm8 to 1,380,000 
per mm8, while at the same time the proportion of abnormals 
decreased from 848 to 150 per thousand. None of the ewes that 
were inseminated with his semen during this period became preg-
nant. However, from October 13 on, the proportion of abnormals 
was below 150 per thousand and dropped even to 27 on October 20. 
All ewes inseminated with this semen became pregnant (McKen-
zie and Berliner 1937). 
Comment.-The relative number of abnormal spermatozoa 
increased in two seasons: there was a short period in March aud 
April with a small but noticeable rise in the level of abnormals, and 
a very pronounced rise in July, August, and September; but there 
is a distinct difference between these two seasons. In April the 
concentration of sperm in most rams is high; in August and Sep-
tember the concentration and total number of sperm may drop to a 
very low level, in some cases to less than a fifth of that number 
characteristic of the ram in the natural breeding season (autumn). 
All the Shropshires under observation and Hampshire ram 747 
showed this decrease. Individual variation between the rams in 
regard to the extent of decrease in number and quality of sperma-
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tozoa produced during these periods was marked. Possible causes 
for these conditions will be considered later. 
The number of abnormals per thousand reached three hundred 
in some animals during March and April. These three hundred 
abnormals per 1000 would mean 750 millions in an ejaculate con-
taining 2.5 billion spermatozoa, leaving still 1.75 billions of nor-
mals. If, however, three hundred abnormals per 1000 appeared on 
a sperm slide from semen collected in August, unless the total 
number of speri:na:tozoa in this particular ejaculate was known, the 
situation would appear no more serious than in April. However, 
the number of spermatozoa dropped to an extremely low level, at 
least in some rams; if the 300 abnormals/1000 occurred in an 
ejaculate containing seventy million sperm, only forty-nine million 
healthy spermatozoa would rema:in capable of fertilizing ova. This 
number becomes significant in view of the experiments by Kus-
nezow (1934) showing that at least fifty million spermatozoa per 
dose were necessary in cervical insemination, and by Milowanow, 
(1934) showing that eight to ten times that number are necessary 
for vaginal or natural insemination. If an ejaculate does not con-
tain four hundred to five hundred million spermatozoa in one dose, 
one service by this ram would not be sufficient to insure pregnancy 
in the ewe bred. 
The total and relative numbers of abnormal spermatozoa must 
be considered when artificial insemination is practiced. The rate 
of dilution is regulated by the proportion of abnormal spermatozoa 
contained in the whole ejaculate as well as by the relative number 
of abnormal spermatozoa per 1000, counted on a slide smear. The 
calculation is correct only if those spermatozoa that look healthy 
under the microscope are also healthy in a physiological sense and 
have fertilizing capacity, even in the presence of numerous abnor-
mal forms; it is not true if visible abnormalities are only indica-
tions of some defects of some genetic and cytological nature that is 
present but hidden in the apparently normal sperm. 
According to this viewpoint, the relative number of abnormals 
per thousand would indicate merely the corresponding degree to 
which those hidden deficiencies are present. No reports have been 
found in the literature that suggest the correctness of either con-
cept, nor were any actual breeding experiments made during these 
investigations that might test any theory of this kind. It seems 
most reasonable to believe that fertility depends upon the absolute 
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numerical proportion of abnormal sperm represented in any one 
ejaculate. How this absolute ratio of healthy to deficient sperma-
tozoa is useful, is shown in the graphs of the six representative 
rams: Shropshire rams 10, 12, and 9, (Graphs 7, 8, and 9) and 
Hampshire rams 60, 49, and 747 (Graphs 10, 11, and 12). Rams 
10 and 60 are very high in sperm production; rams 12 and 49 a>re of 
medium quality; and rams 747 and 9 show the highest abnormal 
count of all in both breeds from July to September. The graphs 
which are really self-explanatory, show the influence of the amount 
and concentration of the semen upon the predominance of healthy 
or abnormal sperm. 
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Fig. 9.--9/19/~5 l!'ig. 
Figs. 7, 8, 9, and 10.-Semen smears from Hampshire ram 60. This ram 
showed almost no seasonal variation in sperm production. Some debris of 
unknown origin appears in the 8/21 collection. 1110 x. 
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Figs. 11, 12, and 13.-Semen smears from Hampshire ram 747. This ram showed seasonal variation in sperm morphol-
ogy. Almost all sperm in the 7/3 collection are abnormal. The attachment of the middle piece to the head is to one side 
rather than in the center. 1110 x. 
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Fig . 16.--9/5/35 
\ .. ~~ 
Fig . 17.-- 10/3/ 35 
Figs. 14, 15, 16, and 17.-Semen smears from Shropshire ram 1. This 
ram showed a decided reduction in the number of normal sperm in August 
(Fig. 15) and had not recovered completely by the first test in October (Fig. 
17). 1110 x. 
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Fig. 18.-Semen smear from Shropshire 
ram 12. This semen was collected after 
the sixteenth service on December 30, 1935, 
showing that no morphological changes in 
the sperm occurred after excessive services. 
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Figs. 19, 20, and 21.-Semen smears from Shropshire ram 11. This ram became almost sterile in August but 
had almost recovered by October. 1110 x. 
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Fig . 2~.-~12/30/35 
(Eo. 1 ) 
-\t . 
F1g . 23.--9/12/35 
Fig. 25. --12/30/35 
(No. 23) 
Figs. 22, 23, 24, and 25.-Semen smears from Shropshire ram 10. Although · 
the September smear shows numerous abnormal forms, no impairment can 
be detected after twenty-three services on December 30, 1935. 1110 X. 
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Fig. 26.-Semen smear from Shrop-
shire ram 7. The semen of this ram 
always contained numerous abnormal 
forms. lUO :~t. 
Fig. 27.-Semen smear from Shrop-
shire ram 9. This photomicrograph 
is typical of the abnormalities found 
at all times in his semen. 1110 x. 
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Figs. 28, 29, and 30.-Semen smears from Shropshire ram 1 during exposure to heat in the winter. F ig. 28.-Ten days of heat. Fig. 29.-Thirteen days of hea t. Fig. 30.-Twenty days of heat. Note the increased destruction of sperm. 1110 x. 
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Figs. 31 and 32.-Semen smears from Shropshire ram 11 during exposure 
to heat in the winter. Fig. 31.-Two days of heat. Fig. 32.-Ten days of heat. Note the numerous abnormal forms that have appeared in the eight day interval, as compared to Shropshire ram 1, indicating a distinct difference in individual rams in their resistance to heat. 1110 x. 
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Fig. 33.-Testis. tissue from a normal Hampshire ram 32. The 
tissue block was taken from a peripheral region of the testis. Note 
complete spermatogenesis. 120 x. The ruled rectangle indicates the 
area shown in Fig. 34 under higher magnification. 
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Fig. 34.-Testis tissue from Hampshire ram 32. The same as in 
fig. 33, under higher magnification. 500 x. 
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Fig. 35.-Testis tissue from Shropshire ram 1. This ram was kept 
for 29 days at temperatures ranging from 26° to 35° C. Spermatogenesis 
is absent. Sloughing and clumping of cells, cytolysis in all regions of 
epithelium, pycnosis in many cells. 120 x. The ruled rectangle indi-
(;ates the area shown in Fig. 36 under higher magnification. 
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Fig. 36.-Testis tissue from Shropshire ram 1. Same as Fi5 35, 
high magnification. 500 x. 
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Fig. 37.-Testis tissue from Hampshire ram 33. This ram was 
kept for 29 days at temperatures ranging fr'om 26° to 35° C. Spermato-
genesis may still be going on, but some derangement (pycnotic nuclei, 
etc.) in the seminiferous tubules are noticeable. 120 x . 
REsEAllCH BuLLETIN. 265 
Fig. 38.-Testis tissue from Hampshire ram 33. Same as Fig. 37, 
high magnification. 500 x. 
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Fig. 39.-Testis tissue from Shropshire ram 9. Note absence 
of spermatozoa, shrinkage of tubules, and increase in fibrous 
tissue. 500 x. 
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PART IV. ARTIFICIAL PRODUCTION OF ABNORMAL 
SPERM FORMS 
Effect of High Environmental Temperature 
Several investigators have studied the effect of high tempera-
tures on fertility. Young (1929a) pointed out that under heat 
treatment the actively dividing primary and secondary sperma-
tocytes a:nd younger spermatids were the first to be affected and that 
subsequently there was a degeneration of older spermatids and 
spermatozoa. Spermatozoa in the epididymis were more resistant 
than those in the testis. This latter fact would be in agreement 
with Re.denz's (1929) claim that a process of ripening and increas-
ing resistance occurred in the epididymis. Heller (1929) stated 
that heat had a destructive effect on the fully grown spermatozoa in 
the epididymis. Phillips and McKenzie considered that the abnor-
mal sperm resulted from a derangement of spermatogenesis. Moore 
(1924) suggested that testicular degeneration might be due to lack 
of oxygen and accumulation of carbon dioxide due to vascular 
stagnation, for heat applied to the testis produced a hyperaemic 
condition associated with edema. Barron (1933) also believed that 
a hyperaemic condition caused destruction of testicular function 
more than any other factor. Schweizer (1929) was of the opinion 
that internal pressure in the testis was the regulating factor for 
spermatogenic function and that the pressure was governed by 
the internal spermatic artery, the albuginea, and the interstitial tis-
sue. Martins (1933) found that ligature of the spermatic artery in 
the rat caused degeneration of the germinal · epithelium, but that 
interstitial tissu-e persisted or even hypertrophied. 
Steinach and Kammerer (1920), as quoted by Sand (1933), 
found that rats kept at a temperature of 35° to 40° C. not only 
did not show degeneration of seminiferous tubules, although the 
interstitial tissue increased in proportion, but these rats became 
mature a month before the controls. The growth of the accessory 
sex organs was markedly hastened, seminal vesicles and prostate 
becoming fully grown at three months of age. When the rise in 
temperature was still greater, the seminiferous tubules in the 
periphereal parts of the testis in adult males degenerated. 
Hart and Stieve (1921), quoted by Sand (1933), believed in a 
correlation between the thyroid and the testes. Mice that were 
exposed to environmental temperatures of 32° to 40° C. exhibited 
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progressive degeneration of the seminiferous epithelium, and cha·r~ 
acteristic degenerative changes in the thyroid. 
The deleterious effects on spermatogenesis produced by crpyt-
orchidism have been known for many years. This and the endo-
crine function of cryptorchid testes were discussed in reports on the 
biology and phy siology of the testes by Moore (19 32) and Sand 
(1933). McPhee and Buckley (1934), however, working on the 
inheritance of crytorchism in swine, found that some bilaterally 
cryptorchid boars were occasionally able to impregnate sows during 
the colder season. Takewaki (1934) found that when mice were 
crypthorchidized, the testes of most, but not all, animals under-
went deg eneration. Some continued to produce sperm, usually few 
in number and immature. He concluded that in mice the influence 
of experimental crypthorchidism appeared to be not so great as in 
rats, guinea-pigs, and other animals. Brouha and Desclin (1934) 
using different techniques in producing artificial crypthordism . 
showed that in both rats and guinea-pigs, fixation of the testis to 
the anterior abdominal wall did not lead to germinal degeneration, 
althoug h fixation to the posterior abdominal \\"all or removal of 
the entire testis above the inguinal ring caused such degeneration. 
Foncin (19i34) performed similar experiments and confirmed the 
statements of Brouha and Desclin. Jolly and Lieure (1934) found 
that immersion of the posterior half of the body of male guinea-
pig s three to four months old in a hot bath for varying periods 
produced true lesions of the seminiferous tubules only when the 
temperature of the bath was 4G0 to 48° C. The authors considered, 
therefore, that sterility of experimentally cryptorchid testes must 
be attributed to causes other than temperature, possibly operative 
interference. Brummelkamp (Hl33) experimenting with gray 
Japanese apes claimed that the change in pressure following artifi·-
cially induced cryptorchidism must have some inflt1ence on the 
degenerative changes in a dd ition to the increased abdominal tem-
perature. Ogle (19;34) found that when mice were kept in a moist 
atmosphere at :n.1 o to 33.3° C. the percentage of fertile ma:tings 
was low, litter was small, and v iability of young was low. In a 
cold room the testes were kept w ithin the abdomen but spermato-
genesis was not interrupted. The author concluded that failure of 
. ' the t es tes to descend did not in itself cause st erility. Og le (1936) 
reported tha t consta nt humid heat (88-92° F .) caused degenera-
tion of the germinal epithelium in male mice with only few actively 
proliferating tubules persisting, although the tes tes were scrotal 
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in position. At a temperature of 60-68° F. the testes were retained 
intra-abdomjnally, but active germinal tissue persisted. A change 
to humid heat induced abrupt degeneration of germinal epithelium. 
The author believed that the general metabolic level was more 
important than the anatomical position of the testes and that the 
germinal suppression seemed associated with a general metabolic 
subsidence as the external humid heat made loss of body heat diffi-
cult. Thus it seems that processes that follow application of heat, 
either locally to the scrotum and testes or by exp0sure of the whole 
body to elevated temperatures, are not thoroughly uriderstood. It 
is probable not only that different species react differently, but 
that individuals differ in resistance to heat effects either in local 
tissues, or in the general heat-regulatory mechanism. The degree 
of resistance plays an important role in acclimatization of domestic 
animals. Since Phillips and McKenzie (1934) had shown that local 
application of heat caused testicular derangement, it was important 
to know if exposure of the entire body to elevated temperatures 
would likewise cause degeneration. 
Our data including the preliminary trial of 1933-1934 have 
shown that in the Shropshire rams the number of abnormal sperma-
tozoa• increased during that season of the year when the outside 
temperature rose. A slight increase in abnormals was also noted 
during the spring. It was concluded from these observations that 
the increased difficulty in maintaining body temperature in the 
spring with the heavy fleece and in the summer with the high out-
door temperatures must be closely tied up with the appearance of an 
increased number of morphologically abnormal spermatozoa in 
the ejaculates during these seasons. However, the possibility had 
to be admitted that the increase in abnormals during the months 
June to September was not caused by the direct influence of 
seasonly high temperatures on the body and the testes of the 
rams, but that the appearance of malformed sperm was an indi-
cation of a general impairment of spermatogenic activity, especially 
since it was linked with a reduction in the numbers of spermatozoa 
ejaculated during this season. So an experiment was started during 
that part of tire year when the level of the spermatogenic activity 
was still high to see if increased environmental temperatures would 
exert an inhibiting or damaging effect on sperm production. For 
this purpose several rams were kept during February ~mel March 
1936 in a closed room at summer temp'eratures in order to observe 
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the changes that· might be produced through high room tempera-
ture on sperm production. 
This experiment was carried .out with five rams, Shropshires 
1, 11, and 9; and Hampshires 60 and 33 (Tables 25 to 29) . On 
February 18 they were put into· a bright room, in which the temper-
ature was kept fairly constant between 26° and 32o C. though for 
several days it reached 35° C. They were kept on their regular 
diet. Unfortunately this test had to be i.nterrupted on March 16, 
but at this stage small pieces of testis and thyroid were removed 
from each ram by surgical operation for histological study. 
On the t wentieth of February, four days after the beginning 
of treatment, the first samples of semen of all rams were taken. 
Volume and number of spermatozoa had not changed for any of the 
rams. On February 24, six days after the beginning of the test, 
ram 11 (Table 26) showed an increase in the number of abnormals 
in his semen though the volume of the ejaculate and the number of 
sperma•tozoa were not affected at this time, and as yet the other 
rams did not show any deviation from their previous records. Four 
days later all rams, except ram 9, sho·wed an increase in abnormals 
(Figs. 28 to 30) ; ram 11 (Figs. 31 to 32) was the worst. Ram 9 
produced many abnormal sperm but showed very little increase 
until the twenty-first day of the experiment. The concentra:tion 
of spermatozoa decreased steadily from the tenth day until very 
few could be found in the semen of the three Shropshire rams. 
Hampshire ram 60 showed a similar but much less marked decrease 
in concentration and numbers of normal sperm. Ram 33 was 
exceptional. Although he had been in the preliminaTy experiment, 
his sperm production was reduced very little. The abnormality 
count in this ram stayed comparatively low, with the exception of 
405/1000 on March 3; sperm contraction was hardly affected at all. 
Ram 60 developed a very intense inflammation in one testis, neces-
sitating a unilateral castration. Possibly this infection disturbed 
spermatogenesis in the remaining testis through a resulting rise of 
the scrotal temperature. Most of the abnormal forms from all the 
rams were coiled tails and tailless heads. In one sample of semen 
from ram 60 a number of sperm with middle piece beads was ob-
served. In all rams in the later stages of heat treatment more 
filiform middle pieces than usual were found. 
The individual rams varied greatly in the time and degree of 
response to the elevated temperatures. Testis tissue removed on 
the twenty-fourth day from ram 11 and on the twenty-ninth day in 
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TABLE 2 5.- PROTOCOL FOR S HROPSHIRE R AM 1, WHEN MAINTAINED AT SUMMER TEM-
PERATURE IN L ATE .WINTER. 
Vol. Cone. T otal R ect. Scrot. Room 
of se men millions a mount Abnorm. temp. temp. temp. 
Date (cc) p. mm.3 of sperm pH. p. 1000 •c. •c. 'C. 
2/18 ________ Beginning of heat t reatment. 37.7 26-35 2j 20 ___ ____ _ 
.6 3.8 3032 5 . 8 27 39. 1 
.8 3.6 2882 6. 1 18 
.4 2. 6 1048 5.9 12 39~i 34~4 2122-------- ~6 i~9 iiSi 6~3 2i 2/24 ________ 39. 5 35.5 2/ 28 _______ -
. 7 2 . 8 1960 6.8 240 39. 5 3j3 _________ 
.2 .9 178 7.3 273 39 .9 
. 5 .6 310 7.4 411 3j6 _________ 
. 3 .6 180 7. 7 360 in 
. 7 .5 385 7 .6 303 3/ 10 ________ 
.7 . 16 11 2 7.4 303 39~9 32 ~7 3/19 ________ very few sperm - --- __ _ 39 .0 32 . 5 
s mall piece removed from left t hyroid and t estis. 
NUMBERS OF ABNORMAL SPERMATOZOA OF DIFFERENT TYPES PER THOUSAND 
En-
larged M id- Fili- Abner-Tail- Coil- Taper- mid- die Da m- Unde- form mala Slide less ed ing die piece aged veloped Giant middle Double per 
Date No. sperm tails heads piece beads heads sperm hds. piece heads 1000 
2/24/36 __ 1 12 21 
2/ 28/ 36.. 1 
56 127 ii -3 is ii ii 246 2 
3/3/36..- 1 147 33 9 3 36 18 27 273 2 156 102 48 12 15 33 45 411 
3/6/36. -- 1 120 96 45 9 18 36 39 
-3 -;; 360 2 69 57 24 33 45 45 42 303 3/10/36.. 1 63 66 75 15 69 15 303 
T ABLE 26.-PROTOCOL FOR SHROPSHIRE R AM 11, WHEN MAINTAI NED AT SuMM ER TEM-
PERATURE I N L ATE W INTER. 
Vol. Cone. Total Rect. Scrot. Room 
of semen millions amount Abnorm. temp. t emp. temp. 
Date (cc) p. m m.3 of sperm pH. p. 1000 ·c. ·c. •c. 
2/18 _______ _ Beginning of heat treat ment. i99i 6~ i 48 38.6 26-35 2/20 ________ . 6 3 .3 39 . 2 
.8 3.2 2592 6 . 2 39 
.5 2 .2 1100 6 .4 48 39:5 35~6 2j24 ________ 1.0 1.1 1000 6 .9 207 
. 8 1.4 1120 7.0 141 39~i 2/28 _______ _ .8 . 9 720 7.4 1000 
.6 1. 2 720 7. 3 798 
3'f7 3j3 __ _______ . 5 . 3 ISO 7 .5 855 
. 3 . 3 90 7 .9 , 3j 6 _______ __ 1.0 . 4 400 8. 0 900 39~8 
. 7 . 3 210 7 . 8 1000 39:.5 33~6 3/ 10 _______ _ 1.0 . 3 270 6 .9 747 
.9 .5 450 7. 4 717 3/12 ______ __ 
'Small piece removed from left thyroid and test is. 
NUMBERS OF ABNORMAL SPERMATOZOA OF DIFFERENT TYPES PER THOUSAND 
·En-
larged Mid- Fill- Abner-
Tail- Coil- Taper~ mid- die Dam- Unde- form mals Slide less ed ing die piece aged veloped Giant middle Double per Date No. sperm tails heads piece beads heads sperm hda. piece heads 1000 
2j24j% __ 1 60 87 39 6 6 9 207 2 2 1 36 60 9 6 9 141 2/28/JL 1 all t ails broken off. 
2 630 66 39 9 18 9 9 18 798 3/3/36.._ 1 690 21 87 6 21 9 21 855 3;6; 36 ___ 1 all t ails broken off 
3/10/36.. 1 321 255 54 6 12 30 39 30 747 2 336 222 60 6 15 21 21 36 717 
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TABLE 27.-PRO'I;OCOL FOR SHROPSHIRE RAM 9, WHEN MAINTAINED AT SUMMER TEM-
PERATURE IN LATE WINTER. 
Vol. Cone. Total Rect. Scrot. Room 
of semen millions amount Abnorm. temp. temp. temp. Da_te (cc) p. mm.3 of sperm pH. p. 1000 •c. oc. oc. 
2/ 18 ________ Beginning of h'eat treatment. !zoo u 465 37.7 34~4 26-35 2/20 ________ 1.0 1.2 38.4 
1.0 !.I I090 7.1 4!3 2/24 ________ 1.2 2.2 2640 6.7 354 39~5 35~ii 2/28__ ______ 
.9 .8 722 7.I 405 39.9 
.4 1. 8 724 7.0 219 4ii~ii 3j3 _________ 1.4 1.6 2I98 6.8 396 3j6 _________ 
i~ii -~9 ·9ao 7:3 567 39.6 33~4 3 j!O ________ 39.7 
. 8 .7 576 7.5 579 3 / 17 ________ Left thyroid and small piece from testis re'moved. 
NUMBERS OF ABNORMAL SPERMATOZOA OF DIFFERENT TYPES PER THOUSAND 
En-
larged Mid- Fili- A boor-Tail- Coil- Taper- mid- die Dam- Uncle- form mals Slide less ed ing die piece aged veloped Giant middle Double per Date No. sperm tails heads piece beads heads sperm hds. piece heads 1000 
2/ 24/ 36 ____ I 23I 54 27 I2 9 9 6 6 3 
-3 354 2/28/ 36 ____ I I83 144 18 I5 12 9 9 I2 405 2 99 36 30 6 I2 15 9 
-3 9 3 219 3/3/36 ____ _ 1 138 138 21 30 2I 6 3 30 6 396 3 / 10/36 ____ I 177 171 36 39 24 3 6 39 I2 507 2 207 201 33 51 15 9 9 48 6 579 
TABLE 28.-PRoTocoL FOR HAMPSHIRE RAM 60, WHEN MAINTAINED AT SuMMER TEM-
PERATURE IN LATE WINTER. 
Vol: Cone. Total 
of semen millions amount 
Date (cc) p. mm.3 of sperm pH. 
2;18 ________ Beginning of heat treatment. i76o ;n 2/24 ________ .8 2.2 
.8 2.0 1600 6.3 2/ 28 ________ 
.4 2.3 936 6.9 
.5 1.6 800 6 .9 3j 3 _________ 
. 3 1.0 300 7.4 
.8 .5 400 6.4 3/ 6 _________ 
.4 .4 I60 7.8 
.5 . 5 250 7.8 3 / 10 ________ 
.6 7. 3 
Whole left testis removed because of {nfection. 
Abnorm. 
p. 1000 
-42 
42 
51 
288 
I23 
I 73 
78 
97 
Rect. 
temp. 
•c. 
38.4 
38.9 
39~2 
39~6 
39~i 
39:6 
Scrot. 
temp. 
·c. 
NUMBERS OF ABNORMAL SPERMATOZOA OF DIFFERENT TYPES PER THOUSAND 
En-
larged Mid- Fili-Tail- Coil- Taper- mid- die Dam- Unde- form Slide less ed ing die piece aged veloped Giant middle Double Date No. sperm tails heads piece beads heads sperm hds. piece heads 
2/24/ 36 ____ I I2 3 6· I8 3 3 15 3 3 18 3 2 / 28/36 ____ I 3 9 3 3 30 
"6 3 -3 2 6 33 9 30 192 9 
"6 3/3/36__ ___ 1 39 6 15 45 6 3 3 2 ll4 75 6 I5 21 3 12 3/6/ 36 _____ I 54 54 6 6 6 
-3 6 "j 2 60 27 3 3 3 3/10/ 36 ____ 1 9 12 3 30 27 9 
Room 
temp. 
·c. 
26-35 
Abnor-
mals 
per 
!000 
42 
42 
51 
288 
I23 
I73 
78 
99 
90 
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TABLE 29.-PROTOCOL FOR HAMPSHIRE RAM 33, WHEN MAINTAINED AT SUMMER TEM-
PERATURE IN LATE WINTER. 
Vol. Cone. Total Rect. Scrot. Room of semen millions amount Abnorm. temp. temp. temp. Date (cc) p.· mm.3 of sperm pH. p. 1000 ·c. ·c. •c. 
2/18 ________ Beginning of heat treatment. ios9 6~7 iiii 38.9 31.6 26-3 - i 2/20 ________ . 3 3 . 5 38.6 33.9 
.4 .3 . 2 1280 6. 8 90 
.4 2.1 840 7.0 75 
_3n 32~9 2/24 ________ .3 3.1- 930 7 . 1 75 2/28 ________ 
.1 .8 85 7.6 171 39.6 
.2 2.1 420 7.4 57 3)3 _________ 
.1 .8 80 7.4 129 39~8 
.I 1.0 100 7.0 123 39~3 ) j6._ _______ .1 1.7 170 7.6 270 
.1 2.9 190 7.8 117 39~5 32:8 
3/10 ________ 
.6 1.4 840 6 . 5 405 
. 5 2. 3 1150 6.2 [59 
.4 2.4 960 6. 3 93 3/lL------ The left thyroid and half of right thyroid removed. 
NUMBERS OF ABNORMAL SPERMATOZOA OF DIFFERENT TYPES PER THOUSAND 
En-
larged Mid- FiJi-Tail- Coil- Toper- mid- die. Dam- Unde- form Slide less ed ing dle piece aged veloped Giant middle Double Date No. sperm tails heads piece beads heads sperm hds. piece heads 
2/20/36.. •• 1 15 45 9 6 27 
"j 2 9 33 6 6 33 
"3 3 9 i5 6 54 3 2/24/36__ __ 1 -9 18 
-6 9 6 18 2j 28j36__ __ I 24 57 6 69 9 2 6 15 15 12 6 3 3/3/36 _____ 1 27 48 12 30 6 6 2 24 45 3 
-6 42 3 6 3/6/36 ____ - 1 33 174 12 39 3 3 2 15 51 9 39 
-6 3 3/ 10/ 36__ __ I 15 345 12 
"3 21 6 2 3 51 9 84 9 
-3 "6 3 9 12 12 3 39 9 
the others revealed a picture of destruction typical of heated testes. 
In ram 33, spermatogenesis was going on although even in hi3 
testes some destruction and shrinkage of the tubules could be 
seen. (Fig. 33 to 39). The Shropshire rams were very slow to 
regain their former level of sperm production and by April 26 
showed no sign of recovery. Hampshire ram 33, on the other hand, 
was practically normal by this time. 
The scrotal temperature measurements, though somewhat fe>v, 
suggest that in a closed room the effects of high temperature are 
almost the· same as those obtained by scrotal insulation, or other 
heat treatments described by Moore (1932), Young (1929 a and b), 
Fukui (1933), Phillips and McKenzie (1934) and others. It is quite 
remarkable how quickly the scrotal temperatures drop following a 
lowering of the surrounding temperature. Phillips· and McKenzie 
(1934) found that the temper<.ture in insulated scrota rose to 36.4° 
C., or 2.2° C. above normal. This level was not quite reached in 
these trials. However, the rise in body temperature was only 0.56° 
Ab.nor-
mals 
per 
1000 
102 
90 
75 
75 
171 
57 
129 
123 
270 
117 
405 
159 
93 
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to 1.12° C. above normal temperatures as given by Ritzman and 
Benedict (19:31) and by Phillips and McKenzie (1934) and wa:s 
entirely absent in some rams. Ram 33 had the lowest temperatures, 
both rectal and scrotal, and had the least derangement in sperm 
procl nction . 
The abnormal sperm forms appeared approximately at the 
same period after beginning of treatment as was observed by 
Phillips and McKenzie (1934) after scrotal insulation. They found 
that destructive changes did not begin in all rams at the same time 
but that some rams seemed to be more resistant than others to the 
direct influence of heat. Also the data reported here point clearly 
to this individual capacity of rams to overcome the adverse effects 
of critical temperatures for a longer or shorter time, and to the 
fact that certain temperatures are critical for some rams while 
other rams are only a.ffectecl by still higher temperatures. 
The origin of the first abnormals after the beginning of heat 
treatment is still problematic. Heller (1929) and Gunn (J.!J3G) 
believed that even fully formed spermatoza were affected by a: rise 
in temperature. The results of our experiment seem to be in favor 
of this assumption because the first appearance of abnormals after 
increases in temperature was not associated with a decrea·se in 
sperm concentration. The reduction in concentration and in total 
number of sperm in the ejaculates occurred four clays after the rise 
in abnormals. It seems that the first abnormals may be the result 
of increased body temperature, even a s light increase. They were 
comparable to abnormal spermatozoa found in ejaculates after a 
prolonged sexual rest period. When, however, the abnormal sperm 
are found in semen that is of low concentration and small volume, 
it seems probably they come from testes that ha·ve been damaged 
by the heat so that normal spermatogenetic processes were dis~ 
turbed. 
Relative humidity may have been high in this warm room, and 
this may have had a significant influence. This fattor is now under 
investigation. 
Effect of High Condition 
An attempt was made to study the problem of the response of 
rams to fattening. It is generally believed that a high (fat) condi-
tion a·lways lowers the breeding capacity of a male because the fat 
condition causes an increase in body temperature which in turn 
affects the germinal tissues of the testes. Actually a few cases have 
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been reported in which a reduction from over-condition to normal 
thrifty condition was followed by a return to a normal breeding 
state with the production of healthy sperm. However, this theory 
does not take into consideration the entire metabolic mechanism 
and the effects on it of a high or low plane of nutrition. It was 
intended, therefore, to see if the assumption is correct that a reduc-
tion in fertility does not necessarily occur in rams of high fertility, 
even after they are brought into show condition, while those rams 
with a low metabolic rate which fatten easily become of lowered 
fertility even on a lower plane of nutrition. To answer this ques-
tion Hampshire rams 48, 49, and "(47 were fed with the exhibition 
flocks of rams from May 8, 1936. After nine weeks of such treat-
ment sperm production was still normal with no increase in ab-
normal forms, although two of the rams gained until they weighed 
over 200 pounds Shropshire rams "( and 9, at that time on an 
ordinary ration, weighed 186 and 191 pounds respectively, although 
the rest of the rams did not make nearly the same gains in weight. 
From Table 1 it can be noted that these two rams always put on 
more weight than the other rams; These two rams throughout the 
entire observation period had a very high abnormality count. Thus 
it seems that fattening not always tends to reduce the breeding 
capacity of a male. It appears more logical that some animals 
gain in weight more easily than others, and likewise lose their 
breeding capacity sooner than others. Both properties may be 
due to the sitme endocrine make-up regulating both the metabolic 
and gonadal processes. 
In order to see if the rams in high condition actually had 
higher body and scrotal temperatures than thin rams, as so often is 
claimed, on July 13, 1936 rectal and scrotal temperatures were 
measured in all rams. The air temperature on this day was 41.1° C. 
The rectal temperature of the three Hampshire rams on the high 
plane of nutrition was between 4:0.0° and 41.0° C., their scrotal 
temperature between 35.2 o and 3().0° C. The rectal temperatures of 
Shropshire rams 7 and 9 were 40.1° and 40.6° C., and the scrotal 
temperatures 37.0° and a8.2° C. The remaining rams had body 
temperatures between 39.5° and 41.0° C., their scrotal temperatures 
ranged from 36.5° to 39.0° C. 
These data show that rectal temperatures of rams in a high 
condition are not above the temperatures of rams in a thrifty con-
dition and that high outside temperatures under normal life con-
ditions influence body and scrotal temperatures of different rams to 
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a different extent. It is admitted that rectal temperatures are not 
identical with body temperatures, still these readings indicate 
tha:t high (fat) condition does not raise the body temperature above 
that which was obviously due to the very high outside temperature. 
The fact that the body temperatures. of these rams when kept out-
side at very high air temperatures were lower than the body tem-
peratures of rams kept in closed rooms at considerably lower tem-
peratures indicates tha:t in closed rooms with a probable high hu-
midity the temperature regulating mechanism of the body fails 
partially because heat cannot be lost by evaporation. Another 
important observation in this experiment is that the three Hamp-
shire rams on high diet had lower scrotal teii).peratures than the 
other rams. Although their scrotal temperatures were slightly 
higher than the normal of 34.2° C., yet spermatogensis was not im-
paired in these rams. Some Shropshires had lower scrotal tem-
peratures than some Hampshires in spite of the fact that the 
Shropshires, with the exception of ram 7, had a heavy fleece cover-
ing on their scrota and the scrota of the Hampshires were bare. 
If the covering of the scrota were the chief heat-regulating factor 
affecting spermatogenesis, Shropshire ram 7 should act like a 
Hampshire ram and maintain normal sperm production in hot 
weather; . but actually he always had a high abnormality count. The-
scrotum, undoubtedly, possesses a thermo-regulatory function; it 
works best when local evaporation from the scrotum can occur 
freely and is apparently more efficient in some rams than in others. 
However, the testes of some rams continue to function even at 
temperature ranges that are decidedly detrimental to the germinal 
tissue of other rams. Therefore, it seems most probable that super-
imposed upon the thermo-regulatory function of the scrotum is 
themore complicated metabolic temperature-regulating mechanism 
of the body involving the nervous and endocrine systems. 
Since the factors causing the anestrual season of ewes are 
not yet known irt detail; one can scarcely, say that the observed 
decrease in spermatogenic processes in the Shropshire rams dur-
ing the summer is comparable to the an estrual season of the . -fe-
males. The observations indicate, however; that this decrease in 
spermatogenesis is due, at least in large part, to increased environ-
ment!il temperatures working either directly upon the nervous and 
endocrine -systems or throug-h the intermediate action of metabolic 
changes. 
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PART V. HYDROGEN-ION CONCENTRATION 
OF SEMEN 
Ill 
In recent years a tremendous amount of work by Russian 
laboratories has been concentrated on investigations of the processes 
tha·t occur in semen kept in vitro. These studies were fundamental 
to the practice of artificial insemination. Numerous reports in this 
field have been published. Confirming previous work of Redenz 
(1929), Kusnezowa and co-workers (1932), Bernstein (1933), Bern-
stein and Slowochotow (1933), Seliwanowa (1934), Lebedewa 
(1934); Shergin (1935, 1936) and many others found that increase 
in acidity of ram semen is caused by an increase of lactic a~id 
through glucolysis. This phenomenon can be utilized for the 
conservation of the spermatozoa by inducing anabiosis. Too great 
acidity of the semen, around pH 4.5, results in death of sperma-
tozoa; but for conservation for a longer period, this can be counter-
acted through addition of specific buffering dilutors. This field 
has become too extensive for review here. 
The hydrogen-ion concentration is one of the important fac-
tors for motility and longevity of sperm. In fact temperature and 
reaction have so much influence on the motility of spermatozoa 
that observations on the motility of the sperm collected during the 
experiment would have been of little value unless uniform condi-
tions ha·cl been maintained. No regular motility tests were made, 
but occasional observations have shown that the sperm of the 
Hampshire rams were always far more motile than those of the 
Shropshires. The semen collected during the heat treatment 
showed lowered motility. However, it seems doubtful if the mo-
tility of sperm could be chosen as an indication of fertility and 
fecundity for males. Lagerlof (l935) found that sperm from bulls 
vvith degenerated testes showed very high motility. Mason (1929) 
reported that pathological sperm were frequently motile for longer 
periods than normal sperm. Donham, Simms, and Shaw (1931), on 
the contrary, indicated that the settling percentages in cattle de-
creased with an increase in the number of immotile sperm, and 
Walton and Fair (1928) had obtained similar results with stallions. 
MilowanO\v and co-workers, Birillow and Puchalsky (1936), Sher-
gin (1936), and Neumann (1936) by artificial insemination methods 
showed that sperm retain their viability and motility much longer 
than their fertilizing capacity and that motility and immotility of 
sperm could be regarded as reversible phases in the behavior of 
semen. Milowanow (1936) suggests that though motility of sperm 
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is essential to fertilizing capacity it cannot be regarded as a guar-
antee of the fertility of a male. 
The ejacula of our rams were not regularly observed over a 
long time to study the longevity of the spermatozoa. On several 
occasions we kept sperm alive and motile mixed with dilutor under 
oil for 45 days. However, we have not sufficient data: to draw 
conclusions as to the correlation between viability and longevity 
of spermatozoa and the sperm producing capacity of the rams 
which produced such sperm. 
Hydrogen-ion determinations of the ram semen were made only 
in the last part of the experiment, consequently few data a·re avail-
able. Normal ejaculates with a sperm concentration higher than 
about 1 millionjmm3 were usually acid, sometimes as low as pH 5.9, 
and never over 7. 3. There seemed to exist a rough correlation be-
tween the concentration of sperm a:nd the reaction, the higher the 
sperm concentration the more acid the semen. In rams under 
heat treatment, the semen became more and more alkaline. Rams 
that were almost sterile, such as Shropshire ram 5, showed alka-
line reactions, the pH being as high as 8.4 to 8.6 on several occa-
sions. The increase in alkalinity is shown in the records for rams 
under heat treatment (Tables 25 to 29). 
These observations correspond to those of Gunn, . who found 
that the semen of rams whose testes were subjected to scrotal in-
sulation always became alkaline in reaction. However, in our 
heat experiments the semen of these rams stayed alkaline, even 
after the rams were brought back into normal surroundings; their 
semen also rema.!lilfd thin and watery, apparently because the de-
rangement in spermatogenic activity in their testes had been so 
grave that it was not followed by quick recovery. It is plausible, 
therefore, that the change in pH is not a result of the influence 
of heat itself, but is due to the decrease in the number of sperma-
tozoa. This assumption seems logical in view of the obs·ervations 
made by Milowanow (1934), Redenz (1933), a:nd others, that a 
ram's ejaculate consists mainly of the contents of the epididymis 
with very little admixture from the accessory organs, because the 
reaction of the content of the epididymis is the same as that of whole 
semen, with a pH 6.2 to 6.5. After the epididymis is emptied, the 
reaction of the semen becomes less acid, with a pH value of 7.0 or 
higher. 
REsEARCH BuLLETIN 265 113 
GENERAL DISCUSSION 
Two variables complicate the problem of the evaluation of the 
breeding efficiency of rams: (1) The breeds respond differently to 
environmental factors, and (2) individual rams differ in breeding 
capacity. 
No period of complete sterility occurs under central Missouri 
conditions. Radulescu (1933) in Europe and Roux (1935) in 
South Africa likewise, observed sperm production at all seasons. 
However, if one can judge the intensity of spermatogenic activity 
from the number of spermatozoa ejaculated during the different 
test periods throughout the year, there are periods when spermato-
genesis is quite active, and others when it is only slightly so. In 
the Shropshire rams during July, August, and September sperma-
togenesis as expressed by the small number of spermatozoa ejacu-
lated during the period, and by the enormous increase in abnormal 
ones, is at a low level. For breeding purposes, either natural or 
artificial insemination, such semen would be valueless, as it would 
not contain sufficient numbers of normal spermatozoa to insure 
pregnancy. The real causes for the lowering of the normal sperm 
number through decreased sperm concentration and increased num-
ber of abnormal sperm have not been determined. Many experi-
ments, including those from this laboratory, favor the theory that 
an increase of the environmental temperature to a certain critical 
point, approximately equal to summer temperatures, may be a 
cause of the appearance of abnormal spermatozoa and of degenera-
tion of the seminiferous tubules, resulting in a decreased production 
of spermatozoa. Shropshire rams, even those that produced good 
semen most of the year, showed a tremendous number of abnormal 
sperm forms from July to September so that they, as well as those 
with many abnormal spermatozoa at all times, became physiologi-
cally infertile from July to September. The Hampshire rams were 
not affected by the heat as much as the Shropshires. Only one 
ram showed semen that would probably have been inadequate for 
fertilization. The time of minimum spermatogenic activity oc-
curred at somewhat different seasons for the two breeds. 
The difference between different individuals and breeds in 
the reaction of their testes and sperm to temperature may be con-
sidered as a problem of adaptation to the environment as it was dis-
cussed by Domingues (1936) and Kronacher (1937), who attributed 
this adaptability to a genetic make-up. Nichols (1933) studied 
British purebred flocks in relation to ecological conditions in Aus-
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tralia and New Zealand; he compared altitude, temperature, and 
rainfall of the districts where each breed originated with these same 
factors in regions of Australia and New Zealand and worked out a 
method to determine the suitability of a breed to a particular region. 
Elipatiewsky and Kremnewa (1933), Ermakow and Popowa (1934), 
Iwanow (1934, 1936), and Ermakow (1936) showed that imported 
breeds of sheep varied decidedly in their response to Russian con-
ditions. The Lincolns showed least resistance to unfavorable en-
vironmental factors. German black-faced and Wiirtemberg sheep 
were almost equal to the local breeds. In southern Russia heat 
seemed to be the most disturbing factor to productivity. The 
respiratory rate of the Lincolns and Shropshires was from 128 to 
188 per minute; of the native Kurdjuk sheep, 32 per minute; Ramp-
shires and Rambouillets were between these two groups. The less 
resistant imported breed showed as high as 50% sterility and 50% 
lambing loss. Our observations on the Hampshire and Shropshire 
rams suggest that the Hampshires may be, from the standpoint of 
breeding efficiency and capacity, better suited to conditions at Co-
lumbia:, Missouri, than the Shropshires and that differences in de-
grees of resistance to heat may be breed characters. 
The assumption of breed differences in reaction to external 
conditions can be justified on the basis of modern conceptions of 
endocrine activity. Sir Arthur Keith (19~8) postulated that con-
stitutional differences among species might have arisen out of 
antecedent modifications of endocrine activity. Hoskins (1933, 
1936) has shown that within a given species strains exist, or can 
be developed, by selective breeding that vary significantly in their 
endocrine make-up. Pioneer studies in these fields were reported 
by Stockard (1931). Spottel (1929) found conspicuous breed differ-
ences in thyroid activity of different breeds of sheep in Europe and 
changes in histological appearance in different seasons. Duerst 
(1931) advanced the theory that different breeds of cattle are the 
product of constitutional factors, "Konstitutionsfactoren," based on 
the activity of endocrine glands. It is known that sheep of Merino 
origin breed under certain conditions at any time of the year but 
that it is difficult to induce a change of breeding season in some 
Briti~th sheep. 
If the rams used in these trials are representative of their 
respective breeds, Hampshires in Missouri may be considered as 
adjusted to the very high . temperatures of the summer, and the 
Shropshires as having never had the same capacity, or having lost 
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the capacity, to resist influence of heat. The behavior of Shropshire 
rams in more northern districts -in the United States or in England 
has not been reported to show if they have a season of lowered 
sexual activity, comparable to the situation here in Missouri. The 
possibility exists, and is being investigated, that the Shropshire 
rams belong to what Duerst called a hypothyroid strain and that 
the Hampshires belong to the balanced thyroid type. During the 
hot season, or under artificial heat treatment, the thyroid of the 
Shropshires could be lowered to such a state o.f inactivity that its 
products are insufficient for normal spermatogenic processes. 
What has been said of the two breeds, applies also to individual 
rams. If sperm production is regulated by the proper inter-relation 
of endocrine glands, then the difference in sperm production has to 
be attributed to the degree of efficiency of these glands and their 
capacity to overcome unsuitable environmental conditions. Our 
own observations (and experiments by other workers) indicate a 
close relationship between thyroid and testis. Shropshire rams 
7 and 9 were constantly obese and had a low production of 
sperm of inferior quality. Rams 10 and 60 were rather thin and 
produced large quantities of good sperm. Experiments still in 
progress are expected to clear up this problem and to show if it 
is the thyroid that is responsible for increased and reduced sperm 
production during different seasons of the year. 
Mating desire is not completely reliable as an indicator of the 
sperm producing capacity of an individual ram or for the sperma-
togenetic activity during the different seasons of the year. It is 
true that those Shropshire rams with little sex interest during the 
spring months had in general the lowest total production of sper-
matozoa for the whole period of this experiment and showed the 
highest degree of reduction in spermatogenesis during July-Sep-
tember and that more copulations were completed during periods 
of high fertility . In this regard the rams reacted like the dogs 
observed by Alifanow (1934) who found a correlation between sex 
interest and sperm production. One ram, however, showed a very 
marked sex interest but was sterile. This ram would be more like 
cryptorchids that retained sex interest even when the spermato-
genic function was absent. Good rams will continue to copulate, 
even when, after frequent matings, their sperm supp-ly becomes 
temporarily exhausted. Some rams after several services quit 
mounting the ewes even though their last ejaculate still contained 
a normal number of spermatozoa. Consequently, it seems that the 
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refusal of a ram to mate cannot be taken as an indication of 
exhaustion. Kirillow (1933) reported the same for bulls. 
Male appearance is often thought to be closely associated with 
breeding desire and with sperm production. Apparently, male 
appearance, breeding desire, and actual sperm production are 
completely independent factors. All three may be well developed 
in one ram, or any or all may be lacking. What the actual hormone 
situation may be is uncertain. It happened that the best sperm 
producing rams in both breeds did not possess the external features 
that would make them desirable show rams, that is, strong mas-
culine appearance. Shropshire rams 7 and 9 with their exceedingly 
poor sperm production showed more of the usually accepted signs 
of maleness than the rams 10 and 60, the best sperm producers in 
the flock. 
No completely satisfactory explanation is offered for the 
appearance of abnormal sperm forms, either during breeding sea-
son, in the first ejaculates after prolonged rest periods, or in the 
hot months in all ejaculates of some rams. The whole situation 
would be easier to understand if the place of destruction of the 
spermatozoa: could be found. Too little is known yet of the 
morphology and cytology of the spermatozoa to permit one to 
recognize and trace back the causes and origins of the abnormali-
ties. However, several observations on the Shropshire rams might 
be significant. There are two seasons characterized by the appear-
ance of a large proportion of abnormal forms, a slight one in March 
and April, an extreme one from July to September, sometimes 
extending until October. In January and February the first ejacu-
late often contains more abnormals than the subsequent ones; 
but in those test periods preceding the months with high abnormal 
counts the order is reversed; the later ejaculates containing more 
malformed sperm than the preceding ones. The records of ra:ms 
1,10, 11, and 12 demonstrate this quite clearly. In October the 
number of abnormals again decreases with successive services. 
The following explanation may be offered: During the season 
of medium spermatogenic activity, from January to June, the first 
ejaclulates contain the highest proportions of abnormals, because 
these spermatozoa are the oldest and are in a natural state of 
disintegration after they have been held in the ampullae. The next 
ejaculates contain spermatozoa that have been brought from the 
vas deferens and the epididymis, where they are better preserved 
than in the ampullae, for in the ampullae they are exposed possibly 
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to unfavorable hydrogen-ion concentrations and to· body tempera-
ture which is higher than scrotal temperature. This heat effect 
becomes more marked, as the fleece gets heavier and the outside 
temperature rises in the spring. The increase in body temperature 
becomes so marked that in some animals even spermatozoa in the 
ducts are affected. Consequently the number of abnorma.Js stay 
high in all ejaculates. After the rams are sheared there is a marked 
improvement. The first ejaculates still have many abnormals; in 
some rams that have been less resistant to the temperature factor 
and in which the spermatozoa, even in the ducts, were damaged, 
all ejacula during the period following the shearing may have 
relatively numerous abnormals. In the more resistant rams a 
marked improvement is observable with each new service. In June 
this improvement still holds in some rams and continues into July, 
but in most rams in July the number of abnormals is becoming high, 
and in August more than fifty per cent of the spermatozoa are 
abnormal. In September the good rams show a faster recovery 
than the inferior rams in sperm concentration, in relative numbers 
of normals, and in total absolute sperm number. A high number of 
abnormals , coupled with few spermatozoa, is the result of sluggish 
and impaired spermatogenetic activity. In October spermatogenesis 
proceeds at a high rate, as expressed by the high number of sper-
matozoa yielded during the October test; the old and destroyed 
spermatozoa are emitted in the first ejaculates; and the fresh sperm 
crop becomes apparent in the later ejaculates. 
Changes in the proportion bf abnormalities and the increase in 
the number of specific forms ·would have been easier to trace if 
samples had been availa·ble for each week instead of for each four 
weeks. McKenzie ancl Phillips (1 934) pointed out that the first 
signs of the effect of heat treatment is the increase in coiled tails 
and that with progressive treatment this number shifts to the tail-
less head type, indicating that probably the tails first coil and then 
break off. Gunn (19;J6) reported similar observations. In this 
study this shrft is not so_ distinct, probably because the interval be-
tween the test·periods is too long, and the spermatozoa ejaculated 
during the same day are affected more equally by the same defect 
in all ejaculates. In the samples from July to September consid-
erable numbers of undeveloped sperm, sperm with ruptured mem-
branes, and small shrunken heads were found. Destructive changes 
of the middle piece were observed frequently and were often found 
on the same spermatozoon that showed a bead-like formation on 
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the middle piece. It was often difficult to differentiate between 
this head-like structure and the protoplasmic drop that could be 
found in small numbers in all ejaculates. Probably the most sig-
nificant defect was the tapering of the heads that was found on a 
large number of sperm from July to September and in some sperm 
in the March and April tests. 
The significance of spermatozoa: carrying protoplasmic drops 
as an indication of immaturity cannot be determined in our mate-
rial. Even in the prolonged tests in December and in those rams 
that gave indications that their semen supply was temporarily 
exhausted, the number of sperm with bead-like structures on the 
middle piece did not. increase with successive ejaculates. The 
head-like formation that can be found in heat treated animals is 
apparently of an entirely different origin and looks more like a 
contraction of the sheath of the middle piece, as it appears often in 
connection with filiform middle pieces. Spermatozoa: were found 
t\vice in the seminal vesicles although these structures are not 
regarded as storage places for sperm. These spermatozoa showed 
numerous signs of destructi on, although in the rest of the tract 
the sperm were normal. Of course the number of sperm in the 
vesicles was far lower than in the ampullae. During long intervals 
considerable numbers of spermatozoa might migrate into the 
vesicles and undergo destruction through the adverse influence of 
the secretion of the seminal vesicles, for Milowanow (1933) 
reported that ram sperm mixed in vitro with- the fluid from the 
accessories showed rupture or destruction of the capsule of the 
sperm head. Miller (1935) in similar tests with buU semen, obtained 
by massaging the ampullae, observed that the spermatozoa of this 
fraction lost their longevity and viability after seminal vesicle fluid 
was added. During the first mating the destroyed and abnormal 
sperm from the vesicles were ejaculated first and were quite numer-
ous even during a season in which spermatogenesis went on 
normally. 
Thus, abnormal spermatozoa may be of two distinct kinds, 
either "malformations" or "deformations" according to the time 
and place of origin: 
Malformations are caused by disturbed spermatogenesis, either of 
a genetic nature or through some environmental factors, like 
heat, x-rays, seasonal variations, nutritional and endocrine 
deficiencies, that upset the spermatogenetic developmental 
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stages in a cytological sense. The abnormalities in sperm 
forms of rams 7, 9, and 747 and those that appeared in the 
off-season in July to September, and in the later stages of 
heat treatment were probably malformations. 
Deforma:tions occurred when fully developed spermatozoa were 
partially destroyed through senescence after prolonged sexual 
rest periods, admixture ot fluids and from accessory sex glands 
or a rise of body temperature, too slight to affect spermato-
genesis. Deformations were found in March and April, when 
spermatogenesis was still at a high level, and during the first 
sta:ges of exposure to higher environmental temperatures, 
before the malformed spermatozoa from the deranged testes 
became apparent. Malformations and deformations could not 
be distinguished under the microscope, but histological and 
cytological criteria for the two types of abnormalities would 
be desirable. 
All Shropshire rams might not react in the sa:rne way that the 
Shropshire rams did in this experiment. However, the uniform 
behavior of these eight rams during the hot seasons of two years 
suggests that during a period roughly approximating the season 
of high outside temperatures the breeding capacity of Shropshire 
rams is reduced. The amount of the reduction varies with the 
constitutional type of the specific breed, family, or individual. In 
the Shropshire type a sharp reduction in breeding capacity in th~ 
summer appeared to be normal, for rams that were good producers 
during the breeding season showed an off-season as well as the 
constantly poor producers. Rams that were high producers under 
any environmental condition were found principally among the 
Hampshires. Some rams always produced small numbers of sper-
matozoa but these did not become abnormal during the off season; 
some other rams produced scant semen with a large number of 
abnormal forms at a:ll seasons. 
A fecundity test based on the morphological appearance of 
spermatozoa alone neglects important factors. A high abnormality 
count during the hot season should not be regarded as a picture 
of the sperm producing capacity during the following breeding 
season. A determination of sperm concentration was useful, since 
rams that had sperm of morphologically healthy appearance but 
of insufficient quantity could be detected. Calculation of the 
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total number of spermatozoa from the sperm concentration and 
the volume of the ejaculate increased the reliability of the test. 
The first ejaculate was apt to give a picture not representative 
-of the breeding quality of a ram. After sexual rest the first ejaculate 
often was larger than the subsequent ejaculates, but rams with 
marked sex impulse did often give a small first eja·culate, and after 
a very short interval a larger one of better quality. After a pro-
longed sexual rest period the first ejaculate frequently contained 
more abnormal spermatozoa than were really chara-cteristic of the 
animal. Therefore, it wa·s safer to use at least two ejaculates for 
an assay of fecundity. Samples taken on the same day with short 
rest periods in bet\V'een would be preferable to a single sample in 
order to detect inferior rams that show a marked drop in sperm 
concentration and volume with successive matings after fewer 
services. It is difficult to produce a state of complete depletion of 
sperm in a sexually vigorous ram although there was usually a 
decrease in the number of spermatozoa proportional to the fre-
quency of ejaculations. A rest period between services might lead 
to complete recovery. The rate of recovery varied in different rams 
and apparently depended on rate of sperm production and speed of 
transport of the formed spermatozoa from the epididymis to the 
vas deferens and the ampullae. 
Refusal to copulate was probably not an indication of a state 
of exhaustion, since some rams quit mating before the sperm store 
was depleted, though other rams continued to copulate, even when 
no semen was present for ejaculation. This and other observations 
indicated that mating desire was not directly proportional to the 
degree of sperm production. Libido may be distinctly developed 
even in sterile animals. 
All these facts should be considered when artificial insemina-
tion is to be used. A certain number of spermatozoa is necessary 
to insure fertilization, and the probable sperm content of each 
ejaculate used for artificial insemination must be known. Some 
ejaculates can be diluted and fractionated into more insemination 
doses than others. The specific, individual, sperm-producing effi-
ciency of any one ram will be the deciding factor. 
Il under certain economic conditions, it is planned to shift the 
breeding season of ev,·es by artificial stimulation into another period 
of the year, such as June-July-August, then only such rams can be 
used as studs as do not lose their fecund ity during this season 
of the year. 
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SUMMARY AND CONCLUSIONS 
1. The seasonal and individual variations in sperm production 
have been measured in eight Shropshire and · eight Hampshire 
rams over a period of fourteen months. Some supplementary obser-
vations have been made on other rams. 
2. The mating desire of rams, as expressed by the total number 
of attempts to copulate, did not coincide with the trend in sperm 
production. Libido is relatively independent of spermatogenesis, 
for sterile rams might exhibit normal sex desire and fecund rams 
very little. The number of copulations completed varied in the 
same direction as the number of sperm produced. 
3. The actual number of spermatozoa ejaculated in a limited 
time indicated rather well the degree of spermatogenic activity in 
rams. The Shropshire rams showed three periods : a distinct 
breeding season with high sperm production from October to 
January, a period of somewhat lower sex activity during the spring, 
and a season of greatly impaired breeding capacity in summer. The 
Hampshire rams showed a much less fluctuating spermatogenic 
process with a breeding season from August to January and very 
slightly impaired sex activity in summer. 
4. Similar fluctuations occurred in the relative numbers of 
abnormal spermatozoa. In the Shropshire rams the number of 
abnormal sperm increased markedly during the summer, coinciding 
with the reduction in the number of sperm, until very few normal 
spermatozoa were produced. In the Hampshire rams this increase 
m abnormals during the summer was comparatively small. 
5. The influence of moderate and excessive breeding activity 
on sperm production in individual rams has been studied. Tne 
total number of spermatozoa in each ejaculate decreased, in general, 
with successive matings; but the first service did not always yield 
the largest ejaculate. During the .breeding season the decrease in 
spermatozoa was primarily cli1e to a reduction in concentration of 
semen ejaculated. In the off-season the volume usually did not 
become smaller hut the sperm concentration decreased. The sperm 
supply was never permanently exha:usted through excessively 
frequent mating; a short rest period was sufficient for a fresh sup-
ply of sperm to be ready for ejaculation. Rams varied decidedly 
in their responses to excessive use. These differences may be 
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regulated by the rate of spermatogenesis and the rate of transport 
of the sperm supply through the duct system in the individual 
rams. 
During the off-season the first ejaculates usually contained a 
higher proportion of abnormal sperm than later ejaculates. During 
the breeding season no effect of continuous services on sperm 
morphology could be detected. Sperm carrying protoplasmic drops 
were usually present but showed no increase with excessively 
frequent matings. 
6. An increase in the number of abnormal spermatozoa was 
produced artificially during late winter by keeping rams in rooms 
at high temperatures. The Shropshires were affected much more 
than the Hampshires and in much the same way as they were dur-
ing the summer. 
7. Semen from normal rams had a very slightly acid reaction; 
between 6.0 and 7.2. An increase in alkalinity followed a decrease 
in sperm concentration especially in rams subjected to summer 
temperatures. 
8. A difference in endocrine make-up of different breeds and 
of different rams is suggested as a cause for the differences in 
reaction to environmental factors, for the varying rate of sperm 
production during the different seasons of the year, a•nd for the 
differences in sperm production during the whole experiment. 
9. In estimating the reproductive capacity of a ram it would 
seem important to consider: the breed or strain, the season of the 
year, his desire to mate, the number of matings just prior to 
sampling, sperm concentration, total sperm number, proportion 
of abnormal sperm, and volume of semen. 
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APPENDIX 
SHROPSHIRE RAM 0. 
NUMBERS OF ABNORMAL SPERMATOZOA OF DIFFERENT TYPES PER THOUSAND 
En-
larged Mid- Fili- Abnor-
Tail- Coil- T~per- mid- die Dam- Unde- form mala 
Slide less ed mg die piece aged vel oped Giant middle Double fooo Date No. sperm ta ils heads piece beads heads sperm hds . piece heads 
1' 17/3L •• 1 9 lS 96 
"3 6 3 129 2 6 
"6 39 6 6 "3 60 3 9 27 3 12 12 72 
4 12 9 30 3 15 12 81 
2/13/35.. . 
3/14/ 35... 
4 / 11/ 35... i" 99 96 39 is "9 iS -6 279 5/ 16/ 35... 
2 52 30 75 18 18 r8 9 "9 229 
6/ 14/ 35... 1 45 60 72 39 12 21 
"6 252 2 33 18 66 54 42 27 
"9 U6 7/ 10/ 35... 1 78 u lOS 36 69 9 330 
2 45 21 99 36 54 18 9 282 
3 27 18 115 27 48 18 6 261 
• 21 12 U1 9 36 15 9 243 5 39 27 63 9 24 9 9 180 
8!7!35.. •. 1 270 4,2 75 15 81 63 165 711 
2 210 42 99 24 87 87 102 661 
3 174 21 72 51 81 lOS 72 576 
4 very fe w 9/ 5/35 ____ 1 57 81 24 78 51 54 15 360 
2 24 36 30 21 12 42 18 183 
3 21 27 H 27 15 18 15 177 
• 21 21 30 51 276 18 9 oi26 5 15 9 21 4,2 330 21 6 4H 
10/ 3/ 35... 1 96 15 H 3 9 9 
"3 177 2 21 9 48 3 1.8 u 126 
3 u 6 42 9 21 9 
"3 lll 4 18 6 36 3 9 6 81 
5 18 9 45 3 9 6 
"9 90 6 IS 15 33 "j 6 6 "3 69 10/ 31/35.. 1 48 18 24 15 126 
4 21 
"6 36 3 6 3 90 5 12 2-l 9 15 
"6 73 11 / 28/ 35.. 1 9 6 12 
"j 3 "6 36 2 
"3 3 
9 6 6 
"3 33 3 6 3 3 3 21 
4 
"6 is 9 "6 3 3 is 15 s 3 9 3 
"6 63 12/ 26/ 35.. 1 
"j 6 21 12 (> 6 51 2 12 12 3 30 
1/ 23/ 36 ___ 1 "j 3 3 3 
"3 12 2 3 6 6 3 18 
3 
"3 "3 9 "j 6 3 18 4 3 18 6 
"3 36 2/ 27/36.. . 1 3 6 3 
"j 3 3 21 2 21 3 6 6 39 
3 15 3 3 21 
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SHROPSHIRE RAM 1. 
NUMBERS OF ABNORMAL SPERMATOZOA OF DIFFERENT TYPES PER THOUSAND 
En-
larged Mid- Fili- Abnor-Tail- Coil- T~per- mid- die Dam- Unde- form mala Slide leaa ed 1ng· die- piece aged vel oped Giant middle Double per Date No. &perm tails heada piece bead a heado sperm hda. piece heado 1000 
1/17/ L. 1 36 18 36 9 27 21 147 2 21 9 24 9 27 15 105 3 12 9 27 6 30 12 96 2/ 13/ 35 .•• 1 42 12 <l5 6 21 3 
-9 129 2 15 6 36 6 18 18 108 3 39 3 <1,2 3 9 6 99 3/H/35... 1 2<4 
-9 <1,8 -3 42 21 138 4/ 11/ 35 •• • 1 99 99 9 6 225 2 42 21 81 3 15 27 192 3 42 12 85 15 30 184 4 <~,5 9 96 18 48 216 5 42 36 75 12 36 201 6 45 51 81 ii 9 27 213 5/ 16/35... I 6 3 15 15 9 60 2 6 9 6 15 6 42 3 6 3 12 3 18 6 48 4 6 3 I5 3 24 15 
"3 66 6/ 14/ 35... I 21 3 24 3 3 3 60 2 I8 3 2I 3 6 3 54 4 9 .6 15 3 9 6 48 7!10!35... 1 39 36 90 6 u 21 216 
4 15 9 84 9 12 129 6 12 24 72 u 15 24 
-6 171 7 36 36 93 34 IS 9 63 229 8/1!35 ____ I 123 24 273 I2 I83 153 9 801 2 10I 27 330 8 195 66 75 3 865 3 72 30 423 
-9 I71 156 90 9 951 9!5/35 .•.. 1 54 21 54 u 18 6 186 2 12 30 27 30 33 6 138 4 12 15 63 ii u 54 3 171 5 9 6 84 39 21 6 186 10/ 3/35 •.. I 3 12 3 15 18 51 2 3 30 3 15 9 60 3 33 
-6 9 15 57 4 
"9 21 I2 18 -- .57 5 27 15 18 69 6 6 21 
"6 21 9 57 7 
"3 3 9 6 15 -6 39 10/ 31/ 35 •• 1 
-3 33 3 3 9 57 2 9 27 
-3 6 9 54 5 6 30 9 15 63 8 9 36 3 6 9 
-6 63 11/28/ 35.. 1 
-9 33 3 3 45 2 30 6 6 6 57 5 18 3 9 9 39 7 15 
-3 6 3 3 27 12/26/ 35 •• 1 12 6 6 27 2 12 6 12 3 
-3 33 5 
-3 9 3 6 6 27 7 3 6 12 9 3 36 1/ 23/ 36 ••• 1 
"3 I5 3 3 21 2 12 9 3 3- -3 27 .j, 12 3 . 9 30 5 9 3 3 3 18 2/ 20/36 ••• 1 6 3 15 3 
-3 27 2 9 3 3 18 3 6 3 3 12 
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SHROPSHIRE RAM 2. 
NUMBERS OF ABNORMAL SPERMATOZOA OF DIFFERENT TYPES PER THOUSAND 
En-
larged Mid- Fili- Abnor-
Tail- Coil- Taper- mid- die Da m- Unde- form mala 
Slide leu ed · ing die piece aged veloped Giant middle Double per 
Date No. sperm tails heads piece beads heads sperm hds, piece heads 1000 
1/17/ 35... 2~ 21 18 9 78 
2/ 13 / 35... 
3/ H / 35... 
4/ 11/ 35... i" i2 52 "6 66 2i "3 160 5/16/35... 
2 18 "3 oi2 12 84 12 171 
6/ H / 35... I 18 6 57 is 
111 3o 
"3 
"6 195 2 21 6 84 180 342 
3 12 6 57 36 159 6 6 282 
4 9 9 33 21 . 159 18 6 255 
7/ 10/ 35... I 12 6 81 6 21 6 132 2 21 3 36 3 18 "6 87 
3 21 36 21 51 15 "3 l-i7 
• 12 3 H 
9 57 9 5i 3 
138 
8/ 7/ 35.. •. I 153 39 uo 18 123 210 834 2 72 51 375 27 81 156 75 837 
3 102 36 390 18 84 138 36 804 
• 93 36 306 18 
78 123 32 
"6 
686 
5 60 9 282 15 72 90 36 570 
9; 5; 35.. •• 1 261 30 63 60 33 90 15 528 
2 81 oi2 165 21 75 72 9 465 
3 75 -iS 183 39 87 72 9 513 
• 93 72 213 
60 105 54 597 
5 27 54 !OS 36 125 48 435 
10/ 3/ 35... I 15 6 36 6 18 3 -- 84 
2 9 27 6 12 12 -66 
3 9 30 12 15 u 
"9 90 
• 15 54 IS 
15 21 129 
5 6 
"3 -i8 18 15 21 
108 
6 
"3 39 3 12 15 
72 
7 42 3 15 18 81 
10/ 31 / 35.. 1 3 39 "j 3 6 "9 51 2 3 27 6 6 54 
3 6 
"3 u 3 6 3 "6 
42 
• 6 18 
3 6 3 -iS 
11/28;35.. 1 6 
"6 15 6 9 15 
6 59 
3 9 6 6 15 3 -iS 
• 
"3 6 
"6 6 18 "6 
333 
5 12 3 9 36 
12/26/ 35.. 1 12 3 3 3 "3 21 2 9 3 3 18 
3 -3 9 6 3 "j 21 
• "9 12 
3 3 21 
1/ 23/36 ... 1 
"6 6 "3 3 3 -3 3 
24 
2 9 6 3 12 3 •s 
3 3 3 6 9 3 2-i 
2! 27 / 36 .•• 1 3 9 3 15 
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SHROPSHIRE RAM 7. 
NUMBERS OF ABNORMAL SPERMATOZOA OF DIFFERENT TYPES PER THOUSAND 
En-
largep Mid- Fili- Abnor-
Tail- Coil- Taper- mid- die Dam- Unde- for m mab 
Slide leas ed ing die piece aged vel oped Giant middle Double per 
Date No. 1perm tails heads piece beads heads sperm hda. piece heads 1000 
1/ 17 /35 ••• 1 352 18 84 3 24 15 9 
"3 505 2 165 99 51 3 12 u 15 372 
3 196 57 66 12 15 30 9 3 388 
4 153 51 u 
"9 15 30 12 285 2/ 21/ 35 ___ 1 339 69 21 15 6 21 480 
2 393 72 21 9 18 u 30 567 
J/2/ 35.. •. 
3 423 84 18 12 15 36 21 609 
1 252 123 15 21 21 10 18 481 
2 204 114 12 18 9 9 u 459 
3 366 45 27 9 18 
"6 18 483 4 285 57 30 24 36 36 474 
4/ 26/ 35 __ _ 1 600 75 15 
"9 12 9 39 750 2 540 156 36 24 21 27 813 
3 561 153 33 
"9 27 i s 18 804 4 576 183 27 27 36 876 
5/ 23/ 35 ___ 1 414 105 15 9 21 9 33 606 
2 360 123 12 9 18 u 36 582 
3 345 99 18 9 27 27 36 561 
4 420 96 18 
"9 12 27 33 606 6/ 20/35 ___ 1 630 84 18 12 45 33 831 
2 576 99 21 18 60 27 801 
3 606 75 15 
"6 12 58 36 846 7 / 18/ 35 ••• 1 810 99 12 6 27 24 984 
2 840 75 9 6 21 30 981 
3 796 102 6 6 12 18 18 958 
4 very few 
i4 8/ 15/ 35 ___ 1 777 123 12 9 27 975 
2 .783 132 18 
3o 
21 30 984 
9/ 12/35 ___ 1 402 126 63 24 27 75 747 
2 360 117 33 21 27 30 54 642 
3 285 195 45 27 30 18 60 660· 
4 
333 2i6 33 33 39 i5 72 "j 6S4 10/ 10/ 35 •. 1 
2 344 201 24 18 21 15 18 641 
3 276 186 18 18 24 21 21 564 
4 360 216 12 27 21 18 24 678 11/ 7/ 35 ___ 1 231 93 9 15 33 12 12 405 
2 210 160 9 36 36 27 40 518 
12/ 5/ 35 ___ 1 15 87 30 15 127 3 3 
-6 280 2 24 27 15 3 66 12 149 
3 45 42 30 12 f8 18 3 196 
1/9/3L •• 1 
2 75 Iii is 54 "9 45 ii "6 339 3 
4 51 108 12 45 21 9 21 216 
5 36 72 15 42 24 12 33 234 
1/31/36 ___ 1 45 75 18 6 12 9 3 168 
2 
54 42 is -9 -6 ii "6 144 3 
2/20/36 ___ 1 66 39 12 15 18 9 
"3 159 2 63 45 9 6 
3o 
21 147 
3 69 57 12 6 27 3 204 
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SHROPSHIRE RAM 9. 
NUMBERS OF ABNORMAL SPERMATOZOA OF DIFFERENT TYPES PER THOUSAND 
En-
larged Mid- Fili- Abnor-
Tail- Coil- T aper- mid- die Dam- Unde- form mala 
Slide leu ed 'ing die piece aged vel oped Giant middle Double per 
Date No. a perm tails head a piece be ado he ada sperm hda. pi.eCe heads 1000 
1/ 24/ 35 ___ 315 39 96 15 21 9 21 516 2/ 21/35 ___ 
3/2/35 ____ 
4/ 26/ 35 ___ i- 207 39 57 -3 33 B ii 366 5/23/35 ___ 
6/20/35 ___ 1 456 138 21 9 12 ;! 33 619 2 341 162' 93 3 30 60 73"4 
3 396 153 78 6 36 48 63 780 7 /18/35 ___ i 474 153 12 6 15 18 48 726 
2 SOl 159 19 6 36 21 45 787 8/15/35 ___ 1 792 42 21 12 2.1 42 68 978 
2 703 84 24 15 27 84 63 1000 
3 682 69 18 12 54 96 69 1000 9/12/35 ___ 1 483 102 27 9 12 75 45 702 
2 543 63 24 18 36 36 48 768 
3 378 72 27 18 84 48 63 690 
4 352 81 30 2i 123 69 132 796 10/ I0/3L 1 130 30 84 60 36 45 406 
2 263 54 54 9 36 36 60 612 
3 275 51 132 3 66 30 105 662 11/ 7/35 ___ 1 165 66 66 6 42 51 42 438 
2 171 84 60 
-3 45 36 27 423 3 423 lOS 57 Sol 33 27 732 
12/5/35 ___ 1 48 9 51 
-6 30 12 150 2 21 12 24 9 15 87 
3 21 IS 21 3 24 27 
-6 108 l2/ 30/3 L 1 18 9 6 3 21 24 81 
2 9 9 6 21 6 3 
-3 54 3 36 54 24 24 33 39 15 216 
4 15 24 24 12 IS 9 6 105 
5 84 45 12 18 48 13 234 
6 75 si 'iii 3o 72 si si -9 36o 7 
8 60 33 27 12 33 27 45 12 240 
9 72 36 33 18 36 27 6 
-3 219 10 36 36 24 9 u 24 150 
11 96 IS 45 3 27 33 
-9 -6 210 12 93 21 48 9 21 57 243 
13 129 36 42 18 63 81 
:io 9 363 1/31/36 ___ 1 114 48 36 12 27 60 9 334 
2 72 87 21 21 24 30 30 285 
3 57 51 IS 12 21 33 21 i2 -6 216 
4 87 42 12 18 u 15 9 3 207 2/ 20/36 ___ 1 255 36 21 21 21 30 27 405 
2 201 81 27 39 21 36 27 423 
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SHROPSHIRE RAM 10. 
NUMBERS OF ABNORMAL SPERMATOZOA OF DIFFERENT TYPES PER THOUSAND 
En-
larged Mid- Fili- Abner-
Tail- Coil- Taper· mid- die Dam- Unde- form mals 
Slide less ed ing die piece aged veloped Giant middle Double per 
Date No. sperm tails heads piece beads heads sperm hds. piece heads 1000 
1124/35--- I 12 6 36 3 6 66 
2 15 is 
30 6 9 
-6 60 3 12 
-3 15 48 2/21/35 ___ I 12 65 15 6 101 
2 12 60 9 15 3 99 
3 18 45 6 18 3 90 
4 18 36 9 18 3 84 
5 24 ii 27 12 12 
6 
-3 81 6 30 21 18 18 9 6 117 
3/ 14/35 ___ I 25 6 57 
-6 12 18 125 2 J-2 6 21 6 9 
-6 60 4; 26/ 35 ___ I 35 27 87 12 12 36 9 224 
2 21 18 30 21 66 15 
-3 3 174 3 27 9 51 3 24 18 135 
4 9 27 39 15 42 
-6 6 138 5 9 12 42 9 15 93 
5/ 23/35 ___ I 24 24 6 6 21 3 84 
2 21 21 12 9 12 9 94 
3 24 30 21 15 9 12 Ill 
4 18 9 36 12 42 12 129 
5 21 6 27 9 36 9 
-6 -6 108 6 21 3 30 21 6 93 
7 9 6 12 
-6 IS 3 12 6 63 6;20/ 35 ___ I 45 IS 18 12 9 
-6 -6 105 2 27 24 16 6 12 6 105 
4 18 36 15 9 27 18 3 3 129 
5 IS 42 30 9 30 18 9 162 
6 9 27 30 12 30 24 21 132 7 I 18; 35 ___ I 207 ISO 150 12 27 27 
-6 594 2 90 45 96 15 12 57 36 357 
3 93 51 Ill 12 12 57 27 6 369 
4 123 48 87 6 21 51 45 6 387 
5 96 60 90 12 24 42 36 24 384 
6 102 63 96 9 27 42 36 12 387 
7 132 75 102 9 18 42 24 18 "420 8/15/35 ___ 1 147 195 183 15 27 15 21 603 
3 102 201 255 3 18 24 60 663 
6 54 60 84 3 24 12 9 iS 246 & 42 42 165 6 54 39 6 367 
9/12/35 ___ 1 81 207 144 18 117 84 36 687 
2 87 249 243 132 66 32 809 
3 78 243 300 123 60 42 846 
4 72 201 213 lll 36 12 645 
5 45 123 144 96 30 12 
-3 459 6 15 39 93 48 21 12 231 
7 21 IS 114 
-3 27 39 3 3 222 8 9 15 105 51 15 
-9 9 207 9 12 IS 114 6 33 33 3 225 
10 18 18 154 6 39 18 9 262 
10/ 10/35 __ 1 12 36 21 9 12 15 6 Ill 
2 9 12 18 3 15 15 J 
-6 ,, 3 2i 9 27 9 6 30 6 93 4 15 66 
-9 21 18 J 144 5 9 ii 39 36 36 6 135 6 15 21 6 9 12 6 90 
7 6 
-6 39 6 9 6 66 8 21 30 -9 6 6 -9 48 11/7 f35 ___ 1 15 30 6 21 111 
2 9 15 21 6 6 6 63 
3 21 9 6 36 
5 15 
-3 6 6 27 7 12 6 6 27 
8 
-6 3 6 3 12 12/5/35 ___ 1 33 18 33 90 
2 9 21 9 . 18 57 
4 3 21 
-6 3 6 33 6 9 9 12 36 
7 
-3 9 -3 24 9 42 10 24 15 15 60 
12/30/35 __ 1 3 12 3 18 
2 6 3 9 
3 
-3 -6 6 3 9 4 6 3 18 
RESEARCH BuLLETIN 265 135 
5 6 6 9 12 
-6 -3 33 6 
-3 12 9 27 7 9 9 9 
-3 33 8 
"3 15 3 6 
27 
9 6 6 IS 
10 
-3 -3 3 "9 3 6 11 3 6 
"6 "3 "3 24 12 
v;;y fe w 9 9 27 13 
H 
"3 "6 3 3 3 "3 3 12 15 6 6 9 
"3 33 16 3 6 3 
"9 "6 "3 15 17 3 
-6 6 27 18 6 6 6 24 
19 
20 
21 
"3 "3 "9 iS "3 33 22 
"i; 23 
"3 -3 3 3 12 1/31/36... 1 6 
"3 3 6 "3 21 ·2 
"3 9 6 3 3 27 4 
"6 6 3 3 3 18 6 
-3 3 3 -6 3 15 8 3 12 3 
"i; "3 30 9 3 6 18 
" 3 6 9 51 2/27 / 36 ••• 1 6 30 24 3 6 3 69 
2 9 15 18 3 3 3 6 57 
3 15 18 15 3 3 3 3 60 
4 9 24 21 6 3 18 81 
5 15 9 3 9 36 
SHROPSHIRE RAM 11. 
NUMBERS OF ABNORMAL SPERMATOZOA OF DIFFERENT TYPES PER THOUSAND 
En-
larged Mid- Fili- Abnor-
Tall- Coil- Taper- mid- die Dam- Unde- form mal• 
Slide leu ed ing die piece aged veloped Giant middle Double per· 
Date No. a perm tails heads piece beads he'ada a perm hds. piece heads ~I 
1/ 24/ 35... 1 65 69 45 15 45 9 248 
2 24 6 12 42 27 111 
3 18 36 9 
-3 21 12 -6 96 2/21/ 35 ••• 1 51 12 45 15 6 138 
2 
- I§ iS 15 6 9 9 "6 51 3 30 3 15 3 90 
3/ 21/35... 1 48 IS · 51 -~--·~ 18 6 144 4/26/35... 1 57 12 27 "--6--· -...)8 "9 "6 144 
2 12 ~2 42 3 18 
~-.. 3 87 
3 
123 
48 9 69 24 
' 
195 
5/23/ 35... 1 39 57 27 33 15 
-6 3 297 2 165 33 51 33 36 27 351 
3 15 36 54 21 27 153 
6/20/ 35... 1 54 .12 39 jj 6 24 27 135 7/ 18/ 35.. . 1 303 66 105. 48 55 616 
2 276 75 102 15 54 60 24 606 
3 54 30 120 9 63 66 21 
"i; 363 8/ 15/35 ••• 1 303 24 60 27 IS 42 39 516 
2 231 66 72 3 12 81 132 6 623 
3 186 72 75 6 87 72 102 600 
4 lOS lOS 138 6 123 78 72 627 
9/ 12/35... 1 171 51 60 3 33 27 18 363 
2 24 15 75 3 123 48 30 318 
3 27 30 57 6 168 36 27 351 
4 36 42 39 9 176 33 18 
"6 353 10/ 10/3L 1 45 15 24 6 6 24 6 132 
2 18 30 36 9 18 21 9 9 150 
3 9 6 36 3 9 18 81 
4 12 9 39 3 6 15 84 
11/7/ 35... 1 18 6 18 6 9 
"3 57 2 18 3 15 3 12 54 
3 9 9 3 6 3 30 
12/5/ 35... 1 ~3 21 9 9 39 2 
"3 15 3 27 48 4 6 12 6 6 33 
5 3 15 
"6 6 "6 u 1/9/36.. •• 1 18 15 45 
2 15 3 3 
-3 21 3 n 9 "j 3 3 -9 . 18 1/31/36 ••• 1 
"9 6 9 "6 39 2 6 3 3 6 3 36 
3 9 9 3 9 12 6 48 
2/20/36 ••• 1 15 3 15 9 6 48 
2 12 6 15 
"9 6 39 3 12 6 12 9 48 
136 MISSOURI AGRICULTURAL ExPERIMENT STATION 
SHROPSHIRE RAM 12. 
NUMBERS OF ABNORMAL sPERMATOZOA OF DIFFERENT TYPES PER THO
USAND 
En-
larged Mid- Fili- Abnor-
Tail- Coil- Taper- mid- die Dam- Unde- form mals 
Slide less ed ing die piece aged veloped Giant middle Double 
per 
Date No. sperm tails heads piece beads heads sperm hds.
 piece heads 1000 
l / 17;3s ___ 1 12 IS 27 12 12 
81 
2 9 1S u 18 18 -9 84 
2/l3/3S ___ 1 12 6 27 9 18 81
 
2 9 6 12 12 6 4S
 
3/H/3S ___ 1 12 6 8~ 29 11 -6 3 149 
2 18 IS 66 36 12 3 159
 
3 15 33 ~8 
-;; 24 6 6 -6 132 ~ 21 21 u 21 15 6 120 
~/11/36 ___ I 30 ~5 147 18 18 27 6 -j 291 
2 24, 12 126 3 24, 21 6 21
9 
3 9 6 33 3 18 15 9 3 96
 
S/16/35 ___ 1 very f~w 
2 9 9 12 15 6 -3 -3 5~ 
3 12 12 27 
-3 12 6 
75 
6 12 15 IS 24, 9 -;; 78 
6/H/35 ___ 1 u 9 72 3 6 
114 
2 15 3 5~ 39 6 3 1
2 I35 
3 3 6 24 
-3 IS 6 3 -3 
3 60 
~ 6 6 29 15 9 6
 77 
7 /10/35 ___ 1 39 30 27 6 15 15 
132 
2 9 24 21 12 18 3 
90 
~ 12 12 5~ 3 21 18 -6 120 
6 33 6 120 9 45 36 
258 
8/7 j 35 ____ 1 243 ~8 81 9 ~5 6 ~2 474 
2 90 81 165 3 54 54 153 
600 
3-5 very few 
9/5/35 ____ 1 27 24 423 9 123 30 36 
672 
2 30 27 588 
-3 42 30 21 ii 
738 
3 H 48 54 48 39 12 
231 
5 9 18 ~2 3 21 15 12 -j 120 
10/3/35 ___ I 3 6 9 12 3 - ---~~ -
3 3 24 u 12 
5 24 3 
24 
-3 18 6 
51 
10/31/35 __ 1 6 30 12 
3 ____ .;;.-- - -~~-- : ·: 78 
2 12 3 21 3 6" -
12" - 3 60 
4 9 
-- -iJ--- ;- · 3 6 42 6 9 3 6 36 
-3 18 -6 3 -j 
24 
2 9 3 
-3 24 4 3 12 .3 3 24 
6 3 18 3 6 3 33 
12/ 30/35__ 1 12 3 3 
18 
2 9 
-;; is 3 
12 
4 36 -6 
16 is 
36 
5 51 174 258 
6 9 
-3 3 -6 9 9 -3 
30 
7 6 18 6 " 42 
8 iS 3 12 30 9 -9 -3 81 
9 very few 
10 18 12 6 12 66 24 1
38 
11 9 
-6 6 6 15 
36 
12 3 
-3 9 3 
2I 
13 6 3 6 I 8 
H 9 
-3 3 9 
21 
15 9 I
2 
16 
-6 3 12 -3 
15 
I/ 23/ 36 ___ I 12 3 24 
2 3 
-3 9 6 
18 
4 6 18 3 jj - ~'j;;:. 30 5 9 9 6 
-j 3 -j 3
9 
6 3 3 3 1
5 
2/27 /36 ___ 1 6 3 3 3 -3 15 
2 
-j 6 3 3 -3 -9 
15 I 
3 21 6 
42 
RESEAllCH BuLLETIN 265 137 
HAMPSHIRE: RAM. 48. 
NUMBERS OF ABNORMAL SPERMATOZOA OF DJliFERENT TYPES PER THOUSAND 
En-
larged Mid- FiJi- Abnor. 
Tail- Coil- Taper- mid- die Dam- Unde- form mala 
Slide lesa ed ing die piece aged veloped Giant middle Double J>er 
Date No. sperm tails headi piece be ado heads apcrm hda. piece he ado 1000 
1/24/ 35... 3 6 3 6 6 u 
2/21/35... 24 9 12 6 51 3/ 28/35 ___ 
"j is -j "j "j 3ii 4/ 26/ 35... 1 
"6 3 2 15 6 6 6 3 42 
5/23/35... 1 6 
"6 18 -3 3 3 ~3 30 2 9 24 9 
"j 54 6/ 20/35... 1 9 6 15 3 3 39 
2 12 12 6 3 33 
3. 24 48 18 "j 6 9 -6 51 7/25/35 ••• 1 27 15 6 9 1H 
2 29 45 18 3 6 9 llO 
3 .36 42 12 3 3 9 
"j 105 4 30 66 18 6 15 6 144 5 45 48 21 9 9 6 ii -3 138 8/15/35.._ 1 18 3 15 3 6 6 54 
2 6 3 21 
"j 3 3 6 42 4 
"6 9 3 6 9 30 5 18 3 27 
9/12/ 35... 1 9 3 
-9 6 6 -3 27 2 24 18 15 9 75 
4 3 3 6 3 3 9 27 
6 
"6 9 6 3 3 
"j 24 
10/10/35.. 1 18 9 6 21 42 
2 3 6 12 
-6 "3 3 3 27 4 6 3 3 3 3 27 6 18 6 3 6 12 9 -j 3 60 
7 3 24 9 9 12 6 3 66 
11/7/ 35, •• 1 15 
-j 3 6 3 9 9 45 2 48 6 6 6 6 3 78 
4 48 30 3 3 12 3 99 
7 21 
-3 24 9 ii 6 9 69 121sns, __ 1 15 3 33 2 9 
--
3 3 15 
4 18 6 6 33 6 18 6 6 33 12/ 26/35.. 1 9 3 12 2 9 
"6 
-3 9 21 3 
"3 6 6 3 "3 "3 27 4 6 3 3 3 6 24 5 
-3 6 6 3 3 18 1/31/36 ___ 1 3 
"3 3 3 3 15 2 3 3 3 12 s 
-3 3 3 3 12 2/ 28/ 36 ___ l 3 6 "6 18 2 3 6 6 3 18 
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HAMPSHIRE RAM 49. 
NUMBERS OF ABNORMAL SPERMATOZOA OF DIFFERENT TYPES PER THOUSAND 
En- . Fiti-laqJed Mid- Abnor-
Tail- Coil- T~per- m•d- die Dam- Unde- form mala 
Slide leu ed 1Dg die ~ieee aged veloped Giant middle Double per 
Date No. sperm tail a heada piece eada he ada ap~rm hda. piece heada 1000 
1/24/36 ___ 1 9 3 6 
"3 
18 
2 9 6 3 
"(; -- 21 3 
"j 18 "3 6 
30 
2/28/JL. 1 
"3 iS 3 
3 
"(; 12 2 3 
"3 9 3 
39 
3/28/35... 1 39 30 9 6 3 3 93 
2 12 1S 33 3 9 24 "3 96 3 27 27 12 3 9 9 90 
~/26/35... 1 9 6 12 6 IS 9 3 60 
2 6 IS 9 9 9 ~s 
3 21 
"3 IS 12 3 6 "3 
57 
S/30/35... 1 6 24 9 6 51 
2 IS 9 6 15 6 3 H 
3 3 
"3 30 "3 6 15· "3 
5~ 
·~ 3 24 3 6 ~5 6/27 /35 ___ 1 15 
"9 12 3 3 3 
3 39 
2 36 15 6 3 9 78 
3 69 6 36 6 6 6 
"3 129 4 72 3 51 9 15 12 165 
7/2S/35 ••• 1 120 189 36 15 9 12 "3 381 2 120 210 36 12 15 24 ~20 
3 60 '120 66 36 39 60 1S "3 396 ~ 93 96 42 18 2~ ~s 21 3~2 
8/21/35 ••• 1 12 24 15 6 6 36 -~ "6 99 2 IS 9 18 6· 15 36 111 
3 18 
"6 9 3 "6 9 "3 "3 
39 
5 18 21 6 63 
9/19/35... 1 6 12 9 
"3 3 9 3 
~2 
2 6 3 21 30 63 
.3 18 
"3 6 6 21 
57 
~ 3 
"3 3 3 3 15 5 15 "(; "(; "3 
3 6 
10/17/35 •• 1 18 9 57 
2 9 24 21 6 9 24 -- 93 
3 3 3 3 9 3 21 
~ 12 3 3 18 36 
11/H/35 •• 1 
-3 3 3 9 18 
36 
2 12 
"6 "3 12 
27 
~ IS 
"3 9 12 "3 
~5 
6 9 
"9 3 3 15 "3 
36 
12/12/35 •• 1 
"3 6 
18 
2 6 3 
"3 3 15 ~ 9 IS 27 
7 
"6 3 "3 18 3 
24 
12/31/35.. 1 
"3 12 . 12 15 
~8 
2 6 12 
"3 12 9 
~2 
3 6 3 12 24 
~ 
"(; 9 3 18 9 "3 38 5 6 3 3 3 24 
6 
"6 6 9 6 
21 
7 
"3 9 12 9 
33 
8 
"3 3 "3 3 3 
12 
9 3 3 3 3 18 
10 3 3 3 3 9 
11 
"(; 3 12 
15 
12 3 9 3 21 
13 3 6 3 3 15 
2/6/36 ____ 1 
"3 6 9 3 ~6 
18 
3 3 9 3 24 
5 
"3 "3 3' 6 3 
3 15 
2/28/36 ___ 1 3.· 6 9 3 27 
2 3 
"3 3 6 3 
15 
3 3. 6 3 15 
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HAM;PSHIRE RAM 747. 
NUMBERS OF ABNORMAL . SPERMATOZOA OF DIFFERENT TYPES PER THOUSAND 
En-
Coil~ lar~ted Mid- FiE-
Abnor-
Tail- T~per- mtd- die Dam- Unde- form mala 
Slide less ed tng die piece aged vel oped Giant middle Double per 
Date No. a perm t:lil!l hea<Is piece beads heads sperm hds. pie~e ,heads 1000 
____.. 
I / 2I/ 3L. 
"i "i2"" "j "3 i8 2/2I/3L. 12 i:S "6 "3 3/28/ 3L. 1 26 
-3 3 55 2 6 
"6 30 12 15 ' 3 66 4/26/ 35... 1 12 51 3 9 9 H 
2 
"3 57 3 9 18 "3 87 5/30/ 3L. I 33 
"j 3 6 48 2 3 33 9 
"3 45 3 6 
"6 36 -6 9 H 6/21/ 35... 1 3 99 
"j lS I29 2 3 141 
-3 3 "3 I 50 3 
2io 7i I35 3 6 I2o 
I70 
7/25/ 35... I I65 2I 39 80 15 732 
2 234 69 210 18 42 123 132 9 837 
3 213 60 234 6 33 I20 69 
"9 735 4 198 69 210 12 36 150 60 744 
5 2IO 60 218 12 39 I24 63 9 755 
8/ 2I/ 35 ••• 1 87 I2 102 12 15 2I 6 6 26I 
2 9 93 
"6 6 15 123 3 18 117 27 21 
"9 ii 289 5 I2 93 6 I8 33 183 
6 3 
"3 42 3 I2 24 35 9 128 9/ 26/ 35... 1 21 2I 9 9 
"6 71 2 12 3 u 
-;; 3 "6 48 3 3 is I8 3 6 42 4 3 24 9 3 3 3 
·;; 78 5 
-. 
6 15 3 3 9 3 45 
I0/ 24/ 35.. 1 4 40 10 4 4 
"6 66 ~ ~ 2I 3 6 12 51. 
4 6 33 3 6 
"6 ' 12 60 6 3 42 9 6 6 72 
7 6 i.i ·H -6 6 3 6 3 
69 
8 12 H 6 30 6 9 
118 
11/22/35.. 1 12 63 6 6 9 105 
2 9 
"3 30 3 6 I5 6 69 4 6 24 9 9 3 54 
I2/19/ 35 •• 1 
"6 6 3 3 3 IS 2 3 
"9 9 6 24 4 6 12 3 
"6 30 5 
"6 " j I5 "j 6 :i 30 6 18 6 6 42 
8 
"3 I2 6 12 I2 45 
12/ 3i;3L 
9 
"6 27 6 6 6 48 I 9 2I 
"j 6 9 51 2 3 I8 6 
"6 "3 30 3 15 3 
"6 27 4 21 
-6 "6 6 33 5 
"j 6 12 3 3 36 6 12 18 3 12 29 
"3 75 7 3 
"3 I2 -3 3 9 30 8 12 6 
"6 6 30 9 
"j "3 12 3 "j "3 21 10 15 
":3 "3 27 11 
"3 12 "3 3 21 I2 ' 12 3 21 
13 
":3 6 I2 "6 3 ·;; 2I 14 3 I2 
"6 6 ":3 39 IS 3 9 3 6 3 30 
16 
--
6 
"j 3 3 3 3 18 17 6 u 9 3 H 
18 6 
"3 12 6 24 6 6 "9 60 19 
"9 12 3 15 3 3 48 20 
-3 18 3 9 3 3 3 48 I/16/ 36.. •. 1 6 3 6 3 6 ! 30 
3 6 15 I5 6 42 
5 
-j is 9 I2 is 39 2/13/36 ..• 1 3 33 "3 6 63 
2 
-j 6 9 "6 24 I2 12 63 4 6 I2 18 6 3 54 
5 3 9 3 I2 3 3 33 
-----
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HAMPSHIRE RAM 60. 
NUMBERS OF .ABl'fORHAL SPER~TOZOA OF DIFFERENT TYPES PER THOUSAND 
En-
larJed Mid- Fili- Abnor-
Tail- Coil- T~P,er- m1d- die Dam- Unde- form malo 
Slide leu ed IDg die piece aged vel oped Giant middle Double per 
Date No. aperm tail•· heado piece bead a hcada ·aperm hda. piece heads 1000 
1/30/35 ___ 1 12 9 i2 2
~ 12 6 63 
2 9 3 12 IS 3 54 2/28/35 ___ 1. 6 3 9 6 3 6 3'3 
-3 6 9 is 3 12 i2 
30 
9 
-j 6 9 51 ~ 6 15 
-9 15 18 -6 57 3/P/ 35 ____ 1 6 3 6 9 9 48 
2 3 18 3 12 12 48 
3 
-9 -3 IS 3 6 -6 24 4/ 26/ 35 ___ 1 9 3 9 39 
2 
-9 -6 9 -6 6 12 -6 27 3 27 IS i2 69 5 6 45 3 6 
-3 -3 -3 72 6 6 
-3 27 -.3 12 15 3 .66 5/ 30/ 35 ___ 1 3 18 3 9 
-3 3 42 2 i8 21 3 12 
9 48 
4 18 3 9 3 3 54 
5 12 
-6 24 12 9 24 81 6/27/ 35 ___ 1 6 21 3 12 12 60 
2 6 6 18 9 9 9 57 
3 9 12 
-6 9 3 33 5 3 
-j 15 9 9 -3 -j 42 7 / 25/35 ___ 1 21 36 3 6 12 87 
2 9 36 3 3 9 3 63 
4 6 
- j 18 6 6 9 -6 45 5 6 18 6 
-9 3 42 8/21/35 ___ 1 3 6 15 3 6 
-j 42 
2 6 12 3 3 3 
-6 30 3 9 12 3 6 3 3 42 
5 6 18 3 6 3 
-j 36 9/ 19/35 ___ 1 3 
-6 9 -6 3 9 3 30 2 9 18 3 .6 48 
3 3 3 18 6 3 18 
- j 51 
5 3 3 IS 6 
-6 3 33 7 12 3 3 24 
10/17i 3S __ 
8 
-6 io 12 -2 3 -. 
15 
1 H 2 58 
2 
-6 -3 u 6 3 6 -6 39 3 27 
-j 3 6 51 5 
-j 
-3 12 6 9 30 6 18 6 3 12 45 
7 15 12 6 33 
8 12 21 
-3 3 36 11/ 14/ 35 __ 1 9 T 18 -j 12 
42 
2 6 6 6 3 
-6 27 3 
-9 6 -6 6 12 30 4 12 6 9 42 
5 12 9 
-j 3 12 36 6 6 9 6 18 
-6 42 7 15 
-3 12 6 3 6 50 12/ 12/ 3L 1 12 ~j 3 6 3' 27 2 3 3 
-j 3 12 4 6 3 9 3 24 
6 
-3 9 3 6 -9 -3 18 8 3 3 12 33 
9 3 9 3 
-6 15 12/31/ 35 __ 1 18 
-9 15 9 -j 48 2 
-i 6 6 -6 -3 24 3 3 9 3 27 
4 6 3 
-3 3 "6 12 5 3 
-6 iS 
12 
6 
-3 6 -3 -j 3 30 7 9 3 3 24 
8 
-3 3 6 3 3 3 
-3 21 
19 6 9 6 24 
10 6 6 ii 33 iS 
-6 18 
11 12 72 
12 
-3 9 3 3 3 -6 24 13 9 
-9 18 9 9 48 14 
-6 6 27 15 3 60 15 0 3 3 21 
16 -3 ll 
-6 27 15 57 17 6 18 12 42 
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18 
-6 3 6 -6 b · 3 -6 
6 33 
19 
-9 18 15. 3
 
-6 48 
20 6 21 6 9' 9 6 
72 
u 6 15 
-6 25 6 3 
54 
22 -9 3 ·9 ·6 -3 33 
23 
-3 9 12 
24 
24 -3 9 
-3 12 6 
33 
2/6/36 ____ 1 6 9 6 18 -6 3 45 
2 6 6 3 3 27 -i2 51 
3 6 u 6 6 9 6 
69 
4 ~6 9 -9 9 24 -3 3 
45 
5 36 '6 111 3 
177 
6 
-3 39 9 15 42 
3 30 138 
7 21 3 9 21 9 
66 
2/24/36 ___ 1 12 3 6 18 3 4
2 
3 15 3 3 '18 3 
42 
HAMPSHIRE RAM 749. 
l'l'UMBERS OF ABNORMAL SPERMATOZOA OF DIFFERENT TYPES PER. THOUS
AND 
En-
larj!cd Mid- Fili- Abnor-
Tail- Coil- T~per- IDld- die Dam- Unde- form mala 
Slide leas ed Ulg die piece aged vcl~pcd Giant middle Double 
per 
Date No. specm tails heads piece beads head a sperm h
da. piece heado 1000 
1/21/35 ___ 
-i -9 iS -6 -3 -3 36 2/21/35___ 
2 6 
-3 15 3 6 3 
33 
3 3 9 9 24 
3/28/3L_ 1 6 9 3 
18 
2 
-3 -3 6 -3 6 3 -3 
15 
4 9 9 3 33 
5 9 6 3 9 3 30 
6 3 9 6 6 24 
4/26/35___ 1 9 3 
-3 3 3 
18 
2 6 3 3 3 '18 
4 3 6 3 12 
5 3 
-3 9 3 IS
 
6 
-9 3 12 3 
21 
5/9/35 ____ I 12 12 9 6 48 
2 9 3 24 6 42 
3 12 21 3 36 
4 9 12 6 27 
5 9 12 3 24 
6 
-3 6 -3 21 6 -6 33
1 
6/6/35 ____ I 12 3 
-6 30
1 
2 3 9 3 9 -- 30 , 
4 3 3 3 9 
6 :n 36 6 -6 
3 3 
-6 12 7 /31/35 ___ 1 36 15 9 IU 
2 27 18 57 3 12 12 -6 135 
8/29/35 ___ 1 12 
-3 21 9 9 6 
-3 60i 
2 3 .30 18 9 63 ' 
3 3 6 12 6 271 
4 3 
-6 18 12 9 
42 i 
5 6 6 21 2·7 -6 721 
6 
-6 -3 21 i2 6 
18 45 
9/26/35 ___ 1 6 12 9 -3 n, 
2 9 12 .9 -3 
3 12" -j 9 9 3 36 
l0/U/3L 
4 Ti -8 9 
-. 
3 9 21! 
1 18 4 14 60 
2 3 3 30 i2 18 9
 63 
4 3 
-3 33 6 .6 
-9 69 
11/21/3L 1 3 9 3 6 24 
2 3 12 3 3 21 
4 3 9 3 -3 18. 
6 3 6 -3 6 9 i~! 12/19/35.- 1 3 15 6 15 6 
2 
"3 15 9 15 3 
42 
3 
-6 6 6 21 9 
45 
1/19/36c_. 1 9 15 6 36 
2 3 9 3 -3 18 
3 6 21 -6 3 36 
4 
-3 -3 3 -6 18 i.i 9 3 5~ 2/13/36 ___ I 6 3 12 12 3 42 
2 3 3 12 6 6 6 36 
3 3 12 6 6 9 36 
4 
-6 6 3 3 12 6 
-3 33, 
3/12/36___ 1 3 6 3 3 3 3 27 
3 6 6 9 6 n I 
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HAMPSHIRE RAM 85. 
NUMBERS OF ABNORMAL SPERMATOZOA OF DIFFERENT TYPES PER THOUSAND 
En-
larged Mid- Fili- Abnor-
Tail- Coil- Taper- mid- die Dam- Unde- form mals 
Slide leas ed ing die piece aged vel oped Giant middle Double per 
Date No. sperm tails heads piece beads head a sperm hds. piece heads 1000 
2)21/35___ 1 15 6 6 18 IS 9 69 3/28,/35 ___ 1 24 3 12 3 15 9 66 
4/26/35___ 1 18 15 
-9 6 9 48 2 6 18 3 6 
-6 42 3 12 
-3 18 9 -3 9 54 5/30/35 ••• 1 9 12 3 12 42 
2 3 15 3 6 6 33 
3 i2 -6 21 3 3 3 30 6/27/35___ I 6 3 3 3 33 
2 I5 6 9 3 
-3 33 3 6 3 15 
-6 3 "3 30 7/25/3L_ 1 15 12 15 18 3 
-j 72 2 9 3 24 3 3 45 
4 6 
-6 21 3 3 3 39 8/21/3L. I 18 27 
-3 6 6 66 2 6 3 24 
·;; 3 -6 39 4 I2 
-3 18 3 45 6 21 18 3 3 IS 63 
9/I9/3L. 1 3 3 6 
·;; 6 3 21 2 
·;; 2I 9 12 48 4 
-j IS 6 9 6 
-3 45 6 6 36 3 6 15 72 
7 6 
-3 12 -6 6 I8 42 10/l7/3L I I5 27 6 6 
-j 63 2 3 2I 3 3 3 36 
5 I2 9 9. 6 9 
-3 45 6 9 
- j 21 6 -;; 6 45 11/14/35.. I I 2 12 3 6 
"3 -3 42 2 I2 3 18 
-3 -3 3 42 5 3 6 24 9 48 
6 3 6 15 9 3 9 
-3 45 . 7 6 9 6 jj 6 -6 30 12/I2/ 3L I 9 
-6 27 2 9 9 6 30 
3 I2 9 3 3 27 
4 
-6 9 6 3 I8 5 I2 15 
-9 33 1/ 9/36__ __ 1 
-9 3 12. 2 i2 18 27 2/ 6/36__ __ I 3 6 21 
2 3 IS 
-9 -;; 21 3 3 
-3 -3 12 30 5 3 I2 6 3 30 3/5/ 36 ____ I 3 3 I2 6 3 27 
2 3 3 9 6 3 24 
HAMPSHIRE RAM 55. 
NUMBERS OF ABNORMAL SPERMATOZOA OF DIFFERENT TYPES PER THOUSAND 
En-
larged Mid- Fi!i- Abnor-
T ail- Coil- Taper- mid- die Dam- Unde" form mala 
Slide less ed ing die piece aged veloped Giant middle Double per 
Date No. sperm ~ail! heads piece beads heads apez:m hda. piece heads 1000 
6/l0/3L. l 60 45 33 12 9 jj -6 159 7/3l/3L. l 90 33 24 18 6 192 
8/2l/3L . l 84 I2 57 6 9 228 
9/19/35___ l 9 9 9 21 48 
2 3 is 27 3 21 54 10/ 17/35.. 1 15 45 3 6 87 
2 9 33 3 12 57 
3 33 48 
-3 12 93 5 6 
-3 42 -6 9 60 11/14/35__ 1 3 15 9 15 51 
2 3 42 6 6 15 72 
3 12 36 3 6 18 75 
5 9 36 
-9 3 9 57 12112/3L 1 IS 9 i5 33 2 21 24 
-9 60 3 12 15 36 
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~ 15 12 6 33 
1/ 9/ 36 ____ I -3 
-3 6 -9 6 9 -6 u 2 3 3 3 27 
4 
-6 is 9 6 -6 6 3 2~ 2/ 2/ 36 __ __ 1 9 
-:3 3 6 ~8 2 3 9 9 6 6 36 
3 3 6 18 12 12 -3 54 
~ 3 3 12 9 3 
-6 30 5 6 3 6 21 
HAMPSHIRE RAM 33. 
NUMBERS OF .ABNORMAL SPERMATOZOA OF DIFFERENT TYPES PER THOUSAND 
En-
larged Mid- FiJi- Abnor-
Tail- Coil- Taper- mid- die Dam- Unde- form mala 
Slide less ed ing die piece aged vel oped Giant middle Double per 
Date No. sperm tails he ada piece beads heads sperm hds. piece heads 1000 
4/ 26/ 35 ___ 1 18 6 9 
-:3 3 9 -3 48 2 6 3 3 u 3 45 
3 3 9 6 3 57 15 6 
-3 99 5/9/ 35 ____ 1 6 9 6 
-;; 15 18 -3 57 2 3 ~ 30 6 54 
3 6 9 42 12 3 
-6 72 4 
-6 6 12 57 12 6 99 6/ 6/3 L __ 1 
-3 6 6 9 12 3 42 2 6 3 6 6 
-3 24 3 
-2 3 6 3 9 9 33 7/5/ 35 __ __ I 15 12 6 9 
-:3 54 2 3 12 6 6 30 
3 
-6 18 12 3 33 4 i2 21 -3 16 3 -6 46 7/3/35__ __ 1 15 21 12 15 84 
2 6 21 3 15 12 57 
3 6 18 3 12 12 51 
4 i2 3 12 3 9 9 -3 36 B/ 29/35 ___ 1 9 6 
-6 6 3 -6 39 2 9 6 6 15 9 6 63 
4 6 12 
-3 18 9 -3 44 5 
-6 6 9 3 24 6 
-6 3 3 15 6 -6 33 9/ 26/ 35 ___ 1 6 
-3 3 6 27 2 9 
-3 3 3 3 21 4 
-9 3 -3 6 3 15 5 
-3 6 9 9 36 6 15 15 6 9 12 
-3 57 l0/ 17/ 3L 1 9 3 18 18 9 60 
2 3 3 3 12 3 
-j 24 4 
-3 3 3 12 21 6 
-;; 6 -3 6 6 21 7 9 12 3 3 
-3 36 ll / 22/3 L 1 
-j 
-3 12 3 6 21 2 18 
-6 3 27 3 9 6 15 
-;; 6 42 12/ 19/ 3L 1 6 6 12 6 6 42 
2 3 15 6 3 
-6 27 3 6 12 6 
-3 30 1/ 16/ 36 ___ 1 
-3 3 12 -j 3 3 21 2 6 12 6 30 
3 3 9 9 
-3 21 ~ 
-6 3 3 3 12 2/4/36 ____ 3 3 3 
-j 15 2 3 21 3 3 33 
